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PREFACE

2'hik volume presents a preliminary survey of cost factors
applicable to electronic equipment of stacked wafer modular de-
sing as produced by mechantzed or semi-.mechanized techniques.
Specifically, Vie volume it; a reproduction of a report submitted
to the National Bureau of Standards by Mead Cearny nred Co, inc..
management consultants. This manufacturing cost determination,
although necessarily tentsitive, is based upon the best data on
PROTECT TINKIERTOY available at sis time and i'-sud at the
particular request of the Navy Bureau of Aeronautics, sponsors
of the program.

Since te receipt of the Mead Carney Company's report,
the Navy has announced that the name, PROJECT TINKEZTOX,
is no longer to be used to describe the program. Itather, modu-
lar design of electronics arni mechanized production of electronics
are to be used to designate the res'pective phascs ot the pi ogram.
howDver, in order to make this volume immediately available to
the electronlus industry, it is betfAn duplicated directly from the
original manuscriot. Consequently the name PQO'irECT
TINKERTOY appetrs in some instances.
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I - INTRODUCTION

Description of Project Tinkertoy

Project Tinkertoy is the code namc of a new system for
manufacturing electronic circuits, which is illustrated on
Exhibit I opposite. It was conceiver! and developed by the
National Bureau of Standards and sponsored by the U. S.

Navy Bureau of Aeronautics.

The unique basic component of Project Tinkertoy is the
ceramic wafer. It provides the base onto which the major
portion of the circuitry is printed. This silver paint base
circuit is affixed by heat, which is a principa! reason for
the use of ceramics. The wafer rigidly supports, and has
attached to it, a variety of electronic elements, such as re-
sistors, capacitors, potentiometers, tube sockets, and

tubes.

Tiers of up tu six such wafers, each appropriately printed
and electronically equipped, are assembled together into
rigid module structures by 12 vertical riser wires (3 per
edge) which, at the same time, provide structural strength
and appropriately connect the circuitry of adjacent wafers.
These module assemblies constitute the intrinsic core of
the Tinkertoy concept.

The Project Tinkertoy system of manufcture is appli-
cable to hand or machine methods, and is particularly
adaptable to automatic machine production.
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Oblectivea

Electronic equipment manufactured thus far by Tinkertoy
methods has been processed largely on a pilot plant and model
shop basis; and not on a conventional industrial production
basis.

It became necessary to determine costs of manufacturing
for the Tinkertoy system for comparison purposes. Con-
sequently, the objectives of this survey are to:

1. Determine the cost of manufacturing a specific
item of electronic equipment by Tinkertoy
hand and Tinkertoy machine processes, as
adapted and projected to conventional pro-
ducdon practices.

2. Compare these costs with the cost of manu-
facturing a similar item by conventional
methods and practices.

Limitations

The scope of this survey does not include technical evaluation
of Project Tinkertoy processes.

As indicated previously, Project Tinkertoy manufacturing
observed during this survey was of a pilot plant and/or model
shop nature. There was little production experience and data
to draw on; particularly in the machine processing operations.
Consequently, the cost figures for machine processing were
necessarily based largely on estimates for net machine yields,
and are subject to revision as operating experience is gained.

The cost figures for hand processing are based to a large ex-
tent on time studies of operations. They are, therefore, less
subject to revision with the accumulation of production ex-
perience, except as necessitated by methods improvements.

3



Apprach

The objectives outlined previously have been accomplished
by:

1. Analyzing the Project Tinkertoy hand and machine
processes to determine process flow, and to delineate
the individual process steps. This information was
needed to facilitate comparison of each step of the hand
and machine processes,

2. Selecting an appropriate item of electronic equipment
on which to base the cost comparison.

3. Establishing a basis for developing cost data for this
item, which would have a wide application in both gov-
ernment and industry.

4. Evaluating the state of development of the present hand
and machine operations on the basis of available his-
torical data, observations, and the estimates of those
most familiar with the processes and equipment. This
evaluation established sound bases and assumptions for
the determination of cost data for a projected commer-
cial operation.

5. Developing costs for:
a. hand and machine processes, step by step, and estab-

lishing breakeven points between the two processes.
b. individual hand and machine manufactured mod-

ules required for the item selected for the cost com-
parison,

c. the complete item of equipment selected as a vehicle
for cost comparison as manufactured by the Project
Tinkertoy hand and machine processes.

6. Obtaining costs for the selected item as manufactured
by conventional methods, and comparing with the cost
of manufacturing the item by Project Tinkertoy
methods.

4
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HI-SELECTION OF ITEM FOR COSTING PURPOSES

Criteria:

The following criteria were considered in selecting an item of
electronic equipment for use as a vehicle for the cost com-
parison:

1. The item must have been produced by both conven-
tional and Tinkertoy methods.

2. It should consist largely of Tinkertoy system com-
ponents, so as not to mask the economic effects of the
application of Tinkertoy to manufacture.

3, Manufacturing costs must be obtainable for the con-
ventionally produced version of the item.

Item Sesct~d

The item selected on the basis of the foregoing criteria was an
Intermediate-Frequency Amplifier. This unit, illustrated on
Exhibit 3 opposite, is similar to interchangeable subassemblies
which are incorporated into a variety of complete electronic
assemblies. It will be referred to as an I F Amplifier throughout
the report.

While the I F Amplifier satisfies the criteria referred to previ-
ously, its component modules have been produced by Tinker-
toy processes only in a four-wafer design, and only by hand.

These particular four-wafer layouts were not adaptable to
machine assembly. Five-wafer modules, adaptable to machine
assembly, were therefore laid out for costing purposes. They
were carefully checked for electrical correctness.

Though these module layouts have not been built, similar
modules have been built and tested. It is considered, therefore,
that no significant error will result from using these module
layouts for cost comparison purposes.

7



EXHIBIT 3.

INTERMEDIATE FREQUENCY (I F) AMPLIFIERS

CONViNTIONAL UNIT

Side

Bottom

PROJECT TINKERTOY UNIT
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IV-ESTABLISHMENT OF COSTING BASIS

Elements of Cost

The sales price of a product is normally composed of the
following major cost elements, as illustrated on Exhibit 4,
opposite.

1. Profit
2. Sales and Administrative Expense
3. Manufacturing Costs

Establishment of Costing Basis

It was decided to use the Manufacturing Cost element of the
sales price of a product as the basis for determining and com-
paring costs for Project Tinkertoy, for the following reasons:

1. Manufacturing Cost covers the basic manufacturing
and processing expense, and is the element of cost on
which the other cost elements are based. It is not par-
ticularly affected by extraneous factors such as sales
policies, market demand, etc.

2. Manufacturing Cost figures can be compared readily
with similar cost figures throughout industry, and
can be adjust.i for more exact comparison, if desired,
for any specinic set of operating conditions.



EXHIBIT 4.

SALES PRICE OF A PRODUCT

SALES PRICE

ADMINISTRATIVE EXPENSE

I 3. MANUFACTURING COSTS

a. Materials

b. Direct Labor
I K K"' Ic. Manufacturing Overhead

II 1) Indirect Labor
I (2) Machine, Equipment,

and Tool Expenses
(3)Occupancy Expcnse

(4) Miscellaneous Expenses

10



STANDARD COSTING RATES

In determining the direct labor and manufacturing overhead
costs, the representative rates and ratios shown on Exhibit 5
opposite were used.

The percentage of overhead expenses apportioned as fixed
costs for use in determining breakeven points between hand
and machine processes, are also shown on Exhibit 5.

11



EXHIBIT 5.

PROJECT TINKERTOY

MANUFACTURING COST STANDARD RATES

OPERATIONS

ITEM Rate or Ra:io Distribution
Machine Hand ¼ Fixed Cost

1. WAGE RATES

a. Highly skilled $2.40 $2.40 -

b. Skilled 2.00 2.00 -

c. Semi-skilled 1.60 1.60 -

d. Unskilled 1.20 1.20 -

2. FACTORY OVERHEAD

a. Indirect Labor
( of direct labor cost) 30,% 30% 30%

b. Machine, equipment, tool cost
1. Annual Depreciation 10% 10% 100%
2. Interest charged on capital

required 4% 4% 100%
3. Annual taxes & insurance 1 % 1% 1007%
4. Maintenance (7% of equip-

ment cost) Avg. 20% 5-15% 25%
5. Utilities

a. Electricity .02/KW HR. .02/KW HR.

c. Occupancy expense

1. Ratio of Total Space to
process space 6/1 5/1 -

2. Annual Rental / sq. ft. $1.00 $.80 100%
3. Annual Heat /sq. ft. .10 .10 75%
4. Annual Light / sq. ft, .30 .30 10%

12
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V-DETERMINATION OF MANUFACTURING COSTS

The prujected Manufacturing Costs for Project Tinkertoy,
consisting of the major cost elements-Material, Direct Labor,
and Manufacturing Overhead-outlined in the previous sec-
tion, were determined according to the following procedures:

Materials Costs

In order to develop manufacturing costs for the Tinkertoy
I F Amplifier, it was necessary to establish proper costs for the
materials used in its manufacture.

The development of costs for these materials was complicated
by:

1. The relatively high cost of certain parts, such as the ceramic
wafers as now produced in small quantifies at the pilot plant.

2. The necessarily small order quantities for some parts, re-
sulting in comparatively high purchase prices for the items.

3. The fact that certain parts, such as base strips, have been
handmade for this particular I F Amplifier, making it neces-
sary to determine costs for such parts when manufactured
in quantities.

All parts used in the Tinkertoy I F Amplifier axe considered
to be purchased parts, and the prices for these parts and
materials as determined by appropriate appraisal, are shown
in Exhibit 6, opposite.

13



EXHIBIT 6.

MATERIAL COSTS

I F Amplifier.

Base strips 2 x $.700 - $1.400
Brackets, tube shield 8 x .003 - .024

*Cable, input coaxial I x 1.280 - 1.280
Capacitor bodies (regular) 32 x .014 - .448

(small) 2 x .007 - .014
Coil, tuning 1 x .950 - .950
Coils, other 3 x. 125 - .375

*Cover assembly 1 x 2.170 - 2.170
Eyelets, tube socket 9 x .002 - .018
Eyelets, other 150 x .005 - .750
Plug, output I x .75 - .750
Resistor strips 37 x .005 - .185
Shield, inner stage 8 x .01 - .080
Slhield, input I x .02 - .020
Shield, tube 9 x .0175 - .158
Silver (at $1.27/troy ounce)

Capacitor body painting 33 x .001 - 033
Notch painting 49 x .001 - .049
Tube socket patterns 9 x .0003 - .003
Other patterns 66 x .0005 - .033

Transformer, input 1 x .10 - .100
"Tube, 6AC5 I x .48 - .480
*Tube, 6AK5 8 x 1.21 - 9.680
Tube Socket bodies 9 x .055 - .495
Tube socket connector pins 63 x .005 - .315
Wafer, ceramic 49 x .01 - .490
Wire, riser 18.75'x .014 - .263

$20.563

"Same price as for conventional I F Amplifier

14



Direct Labor Costs-Tinkertoy Machine Process

To determine the operator or direct labor requirements for
Tinkertoy machine processing, it was first necessary to deter-
mine machine and equipment requirements.

All of the Tinkertoy components manufactured to date by
the machine process have been produced at a pilot plant estab-
lished by the National Burcau of Standards, and now being
operated by a commercial contractor.

Certain of the machines used have been adapted from standard
machines with comparatively little modification. The major-
ity, however, are relatively new designs, though they do con-
tain some standard components.

Observations of the equipment during the survey indicated
that the amount of machine delay, particularly from mal-
functioning, was considerably higher than might be expected
with comparable equipment in a more advanced state of
development.

Some improvements have been developed, however, which
have not yet been incorporated in the present equipment.
Furthermore, experience indicates that development work on
any piece of equipment can reduce malfunctioning delays to
some extent. It was decided, therefore, that equipment and
direct labor requirements based entirely on the current opera-
tions of the pilot plant would nut provide a representative
picture of the Project Tinkertoy machine process. Conse-
quently, net machine production (or yield), and equipment
requirements were based on the assumptions in the following
section.

15



Assumptions for Projecting Equipment Yields. The projected
machine process yields used in determining direct labor costs
are based on:

. U^se of new equipment substantially like the present,
operated at substantially the present cyclic rates, and-
incorporating improvements which have been devel-
oped during operations to date:

2. Machine delay time reflecting:
a. The present stage of development of the equipment.

b. General industrial practices and conditions with
respect to time required for machine set-up, warm-
up, clean-up, malfunctioning, maintenance, and
operator's personal time.

3. Reasonable estimates of processed wafers or modules
rendered unusable and therefore rejected due to equip-
ment malfunctioning.

The projected yields are generally higher than current expe-
rience would indicate, but are considered to bz reasonable
expectations, based on the foregoing assumptions.

16



Equipment Requirements. As stated earlier, it was necessary
to determine equipment requirements in ordei to establish
operator, or direct labor requirements. The equipment require-
ments used in determining direct labor costs were based on:

1. Equipment yields based on the assumptions tabulated
on the previous page.

2. The machine capacities necessary to process the re-
quired proportions of the various wafer components,
such as resistors, capacitors, and tube sockets, compris-
ing the ten modules for the I F Amplifier.

Note: A check of another naval electronic device, pro-
duced by both Tinkertoy and conventional meth-
ods, indicated the possibility that the I F Amplifier
wafer component ratio is representative of such
devices. It should be stressed, however, that the
production of other items rright require larger
percentages of tube sockets, resistors, and capaci-
tors, and consequently, additional requirements
for certain machines.

3. The necessity for a fairly balanced production line, in
order to reduce to a minimum the economic loss result-
ing from unused machine capacity.

4. Operation of the facility on a 2-8-5, or two-shift, 8-hour
shift, and five-day week b sis.

17



Production Line Balance and Facility Cost. The machine
process yields developed from the foregoing are shown on
Exhibit 7, together with the basic cyclic rates, machine delay
times, and percentages of rejects on %xniich these data are based.

After developing the equipment yields, the production line
was balanced by adding to the present pilot plant operation
the machines necessary to reduce to a minimum the total
unused machine capacity consistent with a reasonable capital
investment requirement. This resulted in a facility equipped
to produce 405 five-wafer modules per hour, with an unused
machine capacity equal to approximately 17 '1 of the total
investment. The number of pieces of equipment required for
this facility are shown on Exhibit 7.

The replacement cost of the equipment required for this 405
module-per-hour facility is also shown on Exhibit 7. These
costs were established by evaluation of purchase records and
estimates of those most familiar with the development of the
equipment.

Determining Direct Labor Costs. After establishing the equip-
ment requirements, estimates were prepared of the number
and skills of the operators needed, based on general industrial
practice with similar equipments. These operator require-
ments are shown on Exhibit 7.

The number of operators, and the wage rates shown on the
Standard Rate Sheet, Exhibit 5, were used to determine the
machine process direct labor costs used in this survey.

18



IIPROJECT TINKERTOY MACHINE PROC-ESS - EQUIPMENT

1 3 4 5 6
Bas:c 4

Oper- Ic 4 c e Fn .'cPr e Factr
abc Equip!%ent 'ale de'4a yt eiI 1
No. escrI c, n.s'• " . j •I'rs/S r.rs.2 •eecs c - "

wMW-I Notch Pa3iner 1,714 2.5 j 12% 1 064

MWt-2 I;otc Pajnt Fi',' - -'-"

,W-3 Pattern Praite: 750 I ,49 -5
MW- Patterr, Fiflng Furr-ace 2143 I .3 "139 4.7 5 5SI

V1*35 Pattern Tester 3,200 ( 1.5 1r% 2,194 4.7

MR-1 Resistor Tape App'jcatw' 1.C 2. 5% 1,59 I1.;

M R.2 I Resistor P rot. Tape Applicatc 1,50C 2.C 5% 169 i 1.5

M R-3 Resist& Oulig Oven l,2C I - , 1200 I, 5.

MR-A Resistor Water Notcn Tinner 579 1.75 110% 4C8 1.5

MR-5 Resistor Assembjy Tester 612 1.5 1 5% 488 1,5

MC-I Cap. Wafer Pattern Tinner 56G 1 1.5 5% 432 3.2
I II

MC-2 Cap. Body Pattern Printer :,00,0 2.0 10% 675 3.2

M .3 Cap. Body Pattern Oven 1,818 - - 1.818 3.2

MOC-4 Cap, Body Pattern Tester 2,143 1.5 5% 1,554 3.2

MC.5 Cap. Body Pattern Tiner 550 2.0 5% 392 3.2

MC.6 Cap. Assetbler 359 2.5 5% 234 '-7

MC-7 Cap. Notch Tinner 579 1.75 10% 4: .,7

MO-S Ca. Asserbly Tester 632 1.5 5% 488 1.7

M-TS.I Tvbe Socket Pattern Timing . .----------.-- ------------------------ ------------ --------

MT S-2 Tube SocKet Assemer 24,C .5 5% 156 .9

!VTS.3 Tube Socke Notch Tinner 579 1.75 I% 408 '

MM-1 Module Aslemlbler 125 2.0 IG'. 84 .9

NMM2 i Module Riser Wire 270 2.0 5% 192 .9

MM-3 Module Tntelr 423 1.5 51 327 .9

HiShly tilled ' Included Included
19 S - Skilled inW1 in MW-3

SS - Semi-skilled
U - Unsaiiled



AND DIRECT LABOR REQUIREMENTS EXHIBIT 7.

9 9 1 O 11 1 13 ' 4 515 17

U wed C acity

I F Modules MUac.inhes Machi e Outlet % Matt. O peratlorr iremflt
pee hr. reqired mplacmwt cost 111ns requred (12 -13) Coat Nbelr & Cposte
(6÷ 7) (405 rod.t.) Pet Mwa. Total pef hr, pOe h L 12 (11 x 14) ukFIls rate

2;2 513,500 527,000 2,120 1,985 6,4% $1,722 2.5, 2-U $6.40

- OPERATION PERFORMED IN CAP. BODY PATTERN OVEN (SEE NO-3) -'

473 1 26,500 26,500 445 381 14.3% 3,812 I.5, 1-S . 4.8n

1,424 1 9,000 9,,200 1,339 381 71.5% 5,439 -

467 1 7, 0C 17, 00 2,194 1,904 13.2% 2,240 1-.S. 2.40

7 j13 1 12,000 12,00D 1,069 08 43.1% 5,175 1-SS 1.60

713 1 12,000 12,000 1,069 608 43.1% 5,175 I-SS 1.60

800 I 9,000 9,000 1,200 608 49.3% 4,440 + -

.71 2 , 5,750 11 50 810 608 25.5% 2,931 2-.U 2.40

325 2 11,000 22,000 976 608 37.7% 8,295 I2-HS 4.80

135 3 7,5 22,100 1,206 1,296 0 % - 3.SS 4.80

21! 2 13,000 20,000 1,350 1,296 4 % 800 2-SS 3.20

284 2 9,000 18,000 1,818 1,296 28.7% 5,168

517 1 5,502 5,500 1,654 1,296 v.% 1,190 I.HS 2.40

123 4 7,600 30,400 1,568 296 17.3% 5,273 4-SS 5.40

138 3 27,500 82,500 702 689 1.85% 1,528 6-5S 160

t39 1 5 750 11,500 8 15 689 15.5% 1,790 2-U 2.40

287 2 12,000 24,00CO 976 689 29.4% 7,057 2HS 480

OPERATION PERFORMED IN CAP. WAFER PATTERN TINNER (SEE NO.1)-

173 3 32,000 6,020 468 365 22.0% 21,277 2-S, 2.SS 7.20

452 1 5,750 5,750 408 365 10.6% 606 1.U 1.20

93 1 5 31,saI 157,500 420 365 13.1% 20,625 DO.SS 16.00

213 2 14,5CC 29,0e0 384 365 4.9% 1,435 2-SS 3.20

363 c 2 8,000 56,900 654 365 44.2% 7,070 2-.5 480)

366e'4,9;0 $I14,049

t Included : lIncluded

in MR-2 O. MC.2 20



Direct Labor Costs-Tinkertoy Hand Process

Most of the Tinkertoy components manufactured to date by
the hand process have been produced in a model shop of the
Natiuonai-l BD-,au of Standards. The "major emphasis has been
on development, rather than on production, and consequently
the methods and worker pace are not equivalent to commer-
cial practice. Direct labor requirements derived solely from
current hand operations would not provide a sound basis for
cost comparisons with conventional commercial manufacture.

Considering the present state of development of the Tinkertoy
hand process, it was decided to time-study the individual man-
ual process steps and to establish production rates per worker.
based on general industrial conditions and practices with
respect to worker pace, rest periods, personal time allowances,
and delay factors.

The production rates per worker for the various hand process
steps thus developed and shown on Exhibit 8 are considered
to be applicable to the average industrial plant. While methods
studies were not within the scope of this survey, specific meth-
ods improvements are reflected in several of the. rates. It is
apparent that production rates, in at least several process steps,
may be further increased significantly by methods analysis and
improvement.

In order to provide a direct comparison with the projected
Tinkertoy machine processing operations, an equivalent
Tinkertoy hand processing facility was projected with a capac-
ity of 400 modules per hour. The equipment costs for this
facility are also shown on Exhibit 8.

21



EXHIBIT 8.

PROJECT TINKERTOY -

HAND PROCESS PRODUCTION AND EOUIPMENT DATA

Stun~ard Oitit No Operators N-. Equipment

O rtOPERATION DESCRIPTION De krsper in Pec to Make Work Cost For
No.raticn Per in ees 400 Stat.cns Wo'k

Operation Per Hour Mot .Hr Req Stations

HW-1 Wafer Notch Painting .00880 114 17.248 17 $ 894.30
HW-2 Wafer Notch Paint Firing .00044 2,273 8624 (i) 224.40
HW-3 Wafer Pattern Printing (1 side) .00091 1,099 .5460 1 9,902.20
HW-3 Wafcr Pattern Printing (2 sides) .00184 543 2.2080 -2 -

HW-4 Wafer Pattern Firing .00044 2,273 8624 (1) 4,730.00
HC-I Cap. Wafer Pattern Tinning .00638 157 4.5936 5 937.75

HC-2 Cap. Body Pattern Printing .00196 510 2.6656 3 7,422.80
HC-2a Make Cap. Leads .00055 1,820 .7480 1 100.10
HC-3 Cap, Body Pattern Firing .00044 2,273 .5808 (") 3,190.00
HC-4 Cap. Body Pattern Testing .00176 568 2.3936 3 1.620.30
WC-5 Cap. Body Pattern Tinning .00396 253 5.3856 5 -- 937.75
HC-6 Cap. Body To Wafer Assembly (.02+.01) .01320 76 2.11 20 2 1,008.70
HC-6 Cap. Body To Wafer Assembly (Two.01) .00715 140 2.2880 2 -

HC-6 Cap. Body To Wafer Assembly (One.02) .00473 211 '.3240 2 -
HC-6a Assemble Cap. Leads (I side) .00781 1128 3.1244 3 474.93
HC-6a Assemble Cap, Leads (2 sides) .01408 71 6.7584 7 -
HC-6b Sub-Assemble Cap. Bodies .00974 103 1.9480 2 378.40
HC-6c Apply Prot. Coating (1 side) .00847 118 2.7104 3 334.40
HC-6c Apply Prot. Coating (2 sides) .0i694 59 6.7760 7 -
HC-7 Cap. Wafer Notch Solder Filling .00880 114 6.3360 6 315.49
HC-8 Cap Wafer Assembly Inspections .00286 350 3.8896 4 2,160,40
HR-I Res. Tape Application (I side) .00432 232 1.9008 2 :35.30
HR-I Res. Tape Application (2 sides) .00620 161 1.2400 1 -
HR-la Dry Res. Tape .00044 2,273 .2816 (1) 1,540.00
HR-lb Inspect .00550 182 3.3000 4 596.20
HR-2 Prot. Tape Application (I1 side) .00488 . 205 1.3664 2 246.40
HR-2 Prot. Tape Application (2 sides) .00783 128 2.5056 2 -
HR-3 Dry Prot. Tape .00044 2,273 .2816 (1 ) 1,540.00
HR-4 Res. Wafer Notch Solder Filling .00792 126 4.7520 5 937.75
HR-5 Res. Testini .00550 182 3.3000 4 477.40
HTS-1 Tube Socket Pattern Tinning .00589 167 2.1204 2 375.10
HTS-2 T. S. Parts to Wafer Assembly .01276 79 4.5936 5 1,353.00
HTS-3 T. S. Wafer Notch Solder Filling .01716 58 6.1 776 6 1,395.90
HTS-4 T. S. Inspection .00524 191 1.8864 2 358.05
HM-1 Module Assembly .04235 24 16.9400 17 17,576.90
HM-Ia Inspect& Resolder .01749 57 6.9960 7 373.42
HNM-b Straighten Wire Ends .00880 114 3.5200 4 200.20
HM-2 Riser Wire Clipping .01716 58 6.8640 7 508.20
HM-3 Module Testing .00275 364 1.1000 2 18,123.00

Special Items .05500 18 2.2000 4 201.65
Final Assembly .38500 2.6 15.4000 16 1,249.60

TOTAL 162,.0 167 $81,31LN
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Manufacturing Overhead Costs

The manufacturing overhead costs for the various cost com-
parisons developed in this survey were determined in the fol-
lowing manner:

Indirect Labor includes plant supervision, clerical, shipping
and receiving, quality control, material handling, janitor and
watchman service, etc.

The indirect labor expense was developed by estimating the
wages and salaries of the personnel required to service com-
mercial facilities similar to those projected for Tinkertoy hand
and Tinker-toy machine processing. This expense, compared
to the estimated total expense for direct labor, provided the
30 % ratio shown on the Standard Rate Sheet, and used in dis-
tributing indirect labor costs to the various process steps for
both hand and machine manufacture.

Machine, Equipment, & Tool Expense covers depreciation,
interest charges for capital requirements, taxes and insurance,
power consumption, and maintenance labor, materials, and
overhead for all machines, equipment, and tools used.
This expense was developed by using standard rates, as shown
on the Standard Rate Sheet, for depreciation, interest, and
taxes and insurance and applying them to the estimated
replacement costs of equipment required. To this was added
the estimated maintenance and power expenses for the equip-
ment, to obtain the total. The work sheet used to develop this
expense is shown as Exhibit 9.



EXHIBIT 9.

PROJECT TINKERTOY - Machine, Equipment, & Tool Cost Data

Annual Equipment Costs Based on Shifts and Hr.. Opeladoos

I. Depreciation Total Fixed Variable

Replacement Cost of Item XX XX xx

Annual Depreciation Rate-- xx Xx XX

Annual Dep-reciation 0 0 0"11 XX

2. Interest charge for Capital required

i, eplacement Cost X Rate% Z/ /0 07_ __

3. Taxes & Insurance XX XX XX

Replacement Cost 1% xx

4. Maintenance __7-170.

5. Utilitie s KW Hr.. x Rate .6__2. xx /00%

6. Miscellaneous

TOTAL COSTS

Nt 
XX XX XX

Note'.



Occupancy Expense was determined by estimating the space
requirements of the facilities needed for the various opera-
tions, and multiplying the space by the average rates for rent,
heat, and lights, shown on the Standard Rate Sheet. It will be
noted that a lower rental rate was used for hand processing
space than for machine processing space, based on the general
practice of using more expensive space for automatic equip-
ment installations.

Miscellaneous Expenses are numerous expenses incurred in
connection with manufacturing facilities and operations, such
as supplies, water and gas, employee benefits, loss and wastage,
etc., for which it is difficult to establish general averages. How-
ever, it appeared reasonable to use a figure of 10% of the
"Indirect Labor," "Machine, Equipment & Tool Expense,"
and "Occupancy Expense," to cover these miscellaneous
expenses, and this 10% figure is used throughout this manu-
facturing cost determination.

Assembling Manufacturing Cost Data

The Manufacturing Cost Data for each step of the Project
Tinkertoy machine and hand processes was developed as out-
lined in the preceding sections, and the data was assembled on
work sheets illustrated on Exhibit 10, opposite.

The distribution between fixed and variable expenses was
made according to the percentages shown on Exhibits 5 and 9.
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EXHIBIT 10

PROJECT TINKERTOY -. Manufacturing Cost Data

Processes Mach. No.
Hand

Equipment No.

Based on shifts, hre. , hourly prod. and annual prod.

Annual Cost

Item Total Fixed Variable

1. Material xx

2. Direct Labor z Hrs. x Rate xx

3. Manufacturing Overhead
a. Indirect Labor : 30% of Direct

b. Machine, Equipment & Tool

c. Occupancy a
Proc. Space x Ratio z xx xx xx

Rent
Light

Heat

Subtotal - a, b, and c.

d. Miscellaneous 2 10% x Subtotal

Total - a, b, c, and d.

GRAND TOTALS

Notes:
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VI-PROCESS STEP COMPARATIVE COSTS

Having developed complete manufacturing cost data, based
on projected manufacturing facilities with capacities of 405
modules per hour for the Tinkertoy machine process and 400
modules an hour for the equivalent hand process, a comparison
of the manufacturing costs for each step in the machine process
was prepared.

These comparative process step costs per item processed are
tabulated on Exhibit 11 opposite. The lower of the two costs
is underlined to facilitate comparison at each step.

For each machine process step, a chart was also prepared de-
picting the variation between the manufacturing cost char-
acteristics for the machine step and the comparable hand
process step(s). These cost-volume charts involved utilization
of the fixed cost overhead expense ratios referred to in
Exhibit 5.

Wherever the cost characteristics for a machine process step
and its equivalent hand process step(s) converged, and there-
fore, would intersect, a break-even volume was thereby deter-
ruinable at which the manufacturing costs for both processes
are identical. These break-even volumes were then determined
by algebraic calculation, checked for correlation with the
appropriate charts, and tabulated in Exhibit 11.



EXHIBIT 11

PROJECT TINKERTOY- PROCESS STEP COMPARATIVE COSTS

(Direct Labor and Manufacturing Overhead)

HAND MACHINE
Oper. OPERATION Br.ak-
No." DESCRIPTION Unit Annual Unit Annual e,'n

Cost Venrnme" C.a-t Volufru Vulurmne

Basic Wafer Preparation

W-1, 2 Wafer Notch Paintina & Firing .0201 7,840 .00663 7,938 None

W-3, 4,5 Wafer Pattern Printing, Firing,
Testing .00498 7,200 .00842 7,614 None

Resistor Wafer Preparation

R-1 Resistor Tape Application .0235 2,400 .00477 2,430 None
R-2 Protective Tape Application .0141 2,400 .00477 2,430 67
R-3 Tape Curing .00152 2,400 .00141 2,430 1,930
R-4 Wafer Notch Solder Filling .0174 2,400 .0.707 2,430 30
R-5 Inspection .0121 2,400 .0124 2,430 2,915

Capacitor Wafer Preparation

C-1 Wafer Pattern Tinning .0140 2,880 .00514 3,390 140"
C-2,3 Body Pattern Printing & Firing .00717 5,440 .00612 5,184 2,179
C-4 Body Pattern Testing .00392 5,440 .0028 5,184 219
C-5 Body Pattern Tinning .00866 5,440 .00917 5,184 8,969
C-6 Body to Wafer Assembly .082t 2,880 .0327 2,754 101k
C-7 Wafer Assen. Notch Solder Filling .0192 2,880 .00674 2,754 None
C-8 Inspection .0120 2,880 .0121 2,754 2,939

Tube Socket Wafer Preparation

TS-1 Wafer Pattern Ti-n._g .0129 1,440. .00584 1,794 See C-I
TS-2 Parts to Wafer Asembly .026 1,440 .05U,6 1,458 None
TS-3 Notch Solder Filling .0375 1,440 .0063 1,458 None

Module Aseembly

M-1 Assembly .0958 1,600 .1096 1,458 3,510
M-2 Riser Wire Clipping .0375 1,600 .0212 1,458 204
M-3 Testing .00928 1,600 .01325 1,458 None

'Froceded by "H" for hand proceas, and "M' for machine processa.

"Th thovaanda.
"-For C-I and TS-I combiued.

tFor H-6, 6&, 6b. 5c combined.
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I

VII - F AMPLIFIER MODULE COMPARATIVE COSTS

The processing costs for the ten Tinkertoy I F Amplifier modules were deter-
mined according to the procedures previously outlined, and are shown in the
following tabulation.

Manufacturing
Direct Labor Overhead TOTALS

M ODULE Hand Machline Hand Machine Hand NMahim

M-1 .46514 .1483 .16823 .1392 .63337 .2875

M-2 .50031 .2209 .19535 .27464 .69566 .49544

M-3 .51031 .2209 .19815 .27464 .70846 .49554

M-4 .62458 .23886 .22821 .29286 .85279 .53172

M-5 .55956 .23977 .22746 .29850 .78702 .53827

M-6 .51961 .21342 .18702 .26786 .70663 .48128

M-7 .52111 .2209 .19435 .27464 .71546 .49554

M-8 .63576 .28313 .23481 .30701 .87057 .59014

M-9 .63468 .25118 .24730 .27139 .88198 .52257

M-10 .40372 .18195 .16065 .23558 .56437 .41750

5.375 2.219 2.042 2,636 7.416 4.856
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VIII-I F AMPLIFIER COMPARATIVE COSTS

The manufacturing costs of the complete I F Amplifier were
determined for both Tinkertoy hand and machine operations,
based on the processing and materials costs previously shown,
and on the final assembly costs detailed in an appendix to this
report.

Manufacturing costs for the conventional I F Amplifier were
obtained from a Navy contractor who had produced a con-
siderable quantity of the item. These costs, together with
similar costs for Project Tinkertoy hand and machine process-
ing, are tabulated below.

DIRECT MFG.
METHOD MATERIALS LABOR 0. H. TOTALS

Conventional $35.85 $5.60 $5.44 $46.89

Tinkertoy Hand 20.56 5.99 2.27 28.82

Tinkertoy Machine 20.56 2.83 2.86 26.25
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IX - CONCLUSIONS

The significant conclusions of this survey-are as follows:

S Substantial reductions in electronic manufacturing costs
appear to be possible through the use of either Project
Tinkertoy machine or hand processes, as compared with
conventional manufacturing methods. Based on the survey
projections, the manufacturing cost reductions amount to
44% for the Tinkertoy machine process, and 38.5% for
the Tinkertoy hand process.

* Manufacturing costs are lower for the Project Tinkertoy
machine processing operations than for the hand processes
in 13 of the 20 process steps, or groups of steps, delineated
for this survey and indicate a 8.9"t lower manufacturing
cost for a complete I F Amplifier manufactured by Tinker-
toy machine processes as compared to Tinkertoy hand
processes.

* The substitution of lower-cost hand process steps, where
appropriate, would result in a lower total manufacturing
cost for the I F Amplifier than the present projected machine
process total cost.

* The $665,000 investment required for the projected 405
module per hour machine process facility is approximately
8 times the $82,000 investment for the 400 module per hour
hand process facility, but the difference in investment would
be repaid from manufacturing cost savings within less than
one year and five months of operations at full capacity.



* The Tinkertoy machine process uses fewer labor hours per
unit produced than does the hand process, but requires a
larger proportion of higher skilled personnel.

* Little, if any, manufacturing cost reduction would result
solely from an increase in size of the projected Tinkertoy
hand or machine process facilities. (Some reduction in
material costs might be expected from larger purchase order
quantities.)

* Significant reductions may be achieved it the present Tinker-
toy hand process costs through methods improvements in
several of the process steps.

* Significant reductions in the present Tinkertoy machine

process costs would result from:

Increases in equipment cyclic rates.

Reductions in machine delay time,

Reductions in percentages of rejects.

Reductions in equipment costs.

Reductions in numbers and skills of operators.

Reductions in equipment maintenance costs.
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PROJECT TINKERTOY

Manufacturing Cout Determination

Appendixes

A. Ceramic Wafer Manufacturing & Cost Data

B. Project Tinkertoy Processing Cost Data Sheets & Cost
Volume Charts

C. IF Amplifier Module Cost Data

D. IF Amplifier Assembly & Test Cost Data
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APPENDIX A

Ceramic Wafer Manufacturing & Cost Data

Schedule s De sc ription

A-' Ceramic Wafer Cost Determination

A-Z Wafer Manufacturing Process Flow

A-3 Wafer Manufacturing Equipment &
Cost Data

A-4 Hand Proceus Waler ?4nufacturing
Cost Data

A-5 Hand Process Wafer Equipment Cost Data

A-6 Machine Process Wafer Manufacturing
Cost Data

A-7 Machine Process Wafer Equipment
Cost Data
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Appendix A

Schedule A-I
Page I

CERAMIC WAFER COST DETERMINATION

Objective determination of the manufacturing cost for the ceramic
module wafer was complicated by the fact that the present facility is
largely developmental in nature, and that some of the equipment is
used for both module wafers and experimental capacitor wafers. In
addition, the facility had been transferred from operation by the
National Bureau of Standards to operation by a private contractor but
two weeks before the start of the cost determination study.

Wherever possible, production capacities were determined by actual
count or time study, as in the cases of wafer pressing, firing and
gaging. In the remaining cases, the necessary data was obtained
through the medium of statistical sampling and the analysis of avail-
able production statistics.

The wafer manufacturing process sequence is shown on Schedule A-2.
It was found that, with the present module firing kiln and drying oven
fully loaded on a 24-hour basis, the remainder of the processing equip-
ment was very much under-utilized. It was considered appropriate,
therefore, in order to achieve better utilization of this equipment for
costing purposes and to approximate therefor a more normal manu-
facturing facility, to quadruple the kiln and oven capacities. This re-
suited in a costing basis of 52, 000 wafers per 24-hour day, based on
a maximum practical capacity of 13, 000 wafers per 24-hour day for
each furnace at 85% of optimum kiln capacity.

With the quadrupled kiln capacity, the kilns would continue to be the
limiting factor in determining production capacity. Since the kilns
are essentially intended to run on a continuous (24-hour a day) basis,
except for necessary time out for repairs, this provided the basis for
determination of yearly production capacity.

Appraisal of maintenance requirements for the wafer processing
equipment, through consultation with pertinent operating personnel,
revealed the need for shutting down each kiln one day per week, on
the average, for maintenance and repairs and two weeks per year
for rebuilding of refractory linings. Hence, with four kilns produc-
ing 52, 000 wafers per day, the maximum practical capacity of the
costing basis production facility became 15,600,000 wafers per
300-day year.
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Appendix A
Schedule P. -1

Page 2

Ceramic Wafer Cost Determination (cont'd)

Analysis of some eight production batches completed during the pe-
riod of the study indicated that an average yield of approximately
28, 500 wafers per batch could be conservatively expected in normal
production. This provided the basis for costing in the materials at
the appraised cost of $16. 50 per batch.

The analysis also indicated that, in the case of wafers intended for
uac iz ;-_achin-.- waf-_: and itodul fabrication, approximately 20% of
kiln production would be rejected at the wafer gager as not being
acceptable therefor. These rejects could, however, be credited as
being usable for hand module fabrication wherein a lower degree of
dimensional precision in the wafer is acceptable.

These, then, were the bases upon which the module wafer cost deter-
minations were predicated. Derailed costing data is tabulated on
Schedule A-3 of this appendix. Schedules A-4 and A-5 contain the
cost determination of the wafer for use in hand fabrication. Deter-
mination of the cost of the wafer for machine fabrication purposes is
presented on Schedules A-6 and A-7.

36



Appendix A

Schedule A--Z
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Appendix A

Schedule A.-4

HAND PROCESS WAFER

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Module Wafer Manufacture Hland No.

Equipment See Schedule A-3, Column A
300 day

Based on 3 shifts, 7200 hrs., 24 hourly prod. 52, 000 and/annual prod. 15, 600, 000

Item Total Anraal Costr

1. Material - $16.50 per batch x 15, 690, 000
28, 500 per batch $ 9,031.61

2. Direct Labor - See Schedule A-3, Col. G 7,9,680.00

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. $79, 680 a 23,q04.00

b. Mach., Equip. & Tool (See Schedule A-5) 73,592.25

c. Occupancy '- (Per Schedule A-3, Col. E)
Proc. Space 2062 x Ratio 6 = 12, 372 sq. ft.

@ $1.40 sq. ft. 17,320.80

Subtotal - a,b, and c $114,817.05

d. Miscellaneous = 10% x Subtotal 114,817.05 = 11,481.70

Total - a,b,c, and d 126,298.75

GRAND TOTALS - Items 1, 2 & 3 $215,010.36

Notes:
Manufacturing cost per Module Wafer for Hand Fabrication $215, 010. 36

15. 600. 000

* 1. 378 cents

AddSales and Administration Costs (15%) and Profit (10%)
Totalling 25% of Selling Price * 0. 460

Purchase Price 1. 338 cents
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Appendix A
Schedule A -5

HAND PROCESS WAFER

PROJECT TINKERTOY -- Machine, Equipment & Tool Cost Data

Annual Equipment Costs Based on 3 shifts and 7200 hrs.

Total

I. Depreciation

Replacement Cost of Item $58, 019. 00
(Per Schedule A-3, Col. Bf

Annual Depreciation Rate 10%

Annual Depreciation $5,801.90 $ 5,801.90

2. Interest Charge for Capital Required

Replacement Cost $58, 019. 00 x Rate 4% 2,320. 76
(Per Schedule A-3, Col. B)

3. Taxes & Insurance 1% 580. 19

4. Maintenance (Per Schedule A-3. Col. F) 37,571.40

5. Utilities - KW Hrs. 4553 x 300 x Rate . 02 27, 318.00

(Per Schedule A-3, Col. D)

Total Costs $73,592. 25

40



Appendix A
Schedule A-6

MACHINE PROCESS WAFER

PROJECT TINKERTOY -- Total Manufacturing Cost Data

Process Module Wafer Manufacture Mach.

Equipment See Schedule A-3, Column A
52,000x.8 300 day 15,000,000x.8=

Based on 3 shifts, 7200 hrs., Z4 hourly prod./41,_600 and/annual prod. /12,480, 000

itern Tutal Annual Costs

1. Material - $16. 50 per -atch x 15,600,000

28, 500 per batch $ 9,031.61

2. Direct Labor - See Schedule A-3, Col. G 88,320.00

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. $88,320 * 26,496.00

b. Mach. , Equip. & Tool - See Schedule A-7 78,048.45

c. Occupancy=
Proc. Space 2098 x Ratio 6 r 12,588 sq. ft.

@- 5 1.40 sq. ft. 17,6Z3.20
(Per Schedule A-3, Col. E)

Subtotal - a,b, and c 122, 167.65

d. Miscellaneous = Subtotal x 10% 12,216.76

Total - 1,2,3 231,736.02

Less credit for 3, 120, 000 rejected wafers
salable for hand module fabrication @ 1. 838 5
per wafer. 57,345.60

GRAND TOTAL $174. 390.42

Notes: Price per Module Wafer for Machine Fabrication

$174,390,42 = 1. 397 cents
12,480,000

Add Sales and Administration Costs (15%) and Profit (i076) Totalling 25%

of Selling Price 0. 466
183 cents
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Appendix A

Schedule A-7

MACHINE PROCESS WAFER

PROJECT TINKERTOY -- Machine, Equipment & Tool Cost Data

Annual Equipment Costs Based on 3 shifts and 7200 hro.

Total
I Depreciation

Replacement Cost of Iterm $61, 519
(Per Schedule A-3, Col. B)

Annual Depreciation Rate 10%

Annual Depreciation $6, 151.90 $6,151.90

2. Interest Charge for Capital Required

Replacement Cost $61, 519 x Rate 4% 2,460.76
(Per Schedule A-3, Col. B)

3. Taxes and Insurance 1% 615. 19

4. Maintenance (Per Schedule A-3, Col. F) 41,448.60

5. Utilities - KW Hrs. 4562 x 300 x Rate . 02

Total Utilities 27,372.00

Total Costs $78,048. 45
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APPENDIX B

Project Tinkertoy Processing Cost Data

Schedules Description

Basic Wafer Preparation

B-1 (Wi & 2) Wafer Notch Painting & Firing
B-2 (W3, 4, & 5) Wafer Pattern Printing, Firing & Testing

Resistor Wafer Preparation

B-3 (R-1) Resistor Tape Application
B-4 (R-Z) Resistor Protective Tape Application
B-5 (R-3) Resistor & Protective Tape Curing
B-6 (R-4) Resistor Wafer Notch Solder Filling
B-7 (R-5) Resistor Inspection

Capacitor Wafer Preparation

B-8 (C-I) Capacitor Wafer Pattern Tinning
B-9 (C-2 & 3) Capacitor Body Pattern Printing & Firing
B-10 (C-4) Capacitor Body Pattern Testing
B-11 (C-5) Capacitor Body Pattern Tinning
B-12 (C-6) Capacitor Body to Wafer Assembly
B-13 (C-7) Capacitor Wafer Notch Solder Filling
B-14 (C-8) Capacitor Inspection

Tube Socket Wafer Preparation

B-15 (TS-1) TS Wafer Pattern Tinning
B-16 (TS-2) TS Parts to Wafer Assembly
B-17 (TS-3) TS Wafer Notch Solder Filling
B-18 (TS-4) TS Inspection

Module A ssembly

B-19 (M-i) Module Assembly
B-20 (M-Z) Module Riser Wire Clipping

B-21 (M-3) Module Testing

Total Cost

B-22 Total Projected Manufacturing Costs for Project Tinkertoy
Hand and Machine Processes
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Appendix B
Schedule B-I

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Wafer Notch Painting & Firing Mach.- No. MW-I & 2

Eqnipment See MW-i & Z. Data Sheets

Based on Z shiL•fts, 3,744 hr.., hourly prod. 2,120 and annual prod. 7,938,000

Annual Cost

Total Fixed Variable

MW-i 2 $47,394 $9,507 $37,887

MW-2 - 5,ZZ4 2,724 2,500

Totals -- $SZ, 618 $ 12,231 $40,387

Note s:

Cost per piece for MW-i & Z 3

$52,618 -. 00663

7,938,000
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Appendix B
Schedule B-1a

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Wafer Notch Painting Mach. No. MW-1

Equipment 2-Notch Painters (A)

Based on 2 shifts, 3744 hrs., hourly prod. 2120 and annual prod. 7,938,000 wafers

Annual Cost

Total Fixed Variable

1. ýAaterial xx

2. Direct Labor
Hrs. 4,000 x Rate 6.40 (B) = $25, 600 xx $25, 600

3. Manufacturing Overhead
a. Ind. Lab. - 30% of Dir. 25,600 = 7,680 $2,304 5,376

b. Mach., Equip. & Tool 11,344 5,716 5,6Z8

c. Occupancy =
Proc. Space 94 x Ratio 6 a 564 sq. ft.

Rent 1.00 x 564 564 564 -
Light .30 x 564 169 17 152
Heat .10 x 564 - 56 48 14

Subtotal -a.b, and c $19,813 $8,643 $11,170

d. Miscellaneous z
10% x Subtotal 19,813. 1,981 864 1,117

Total - a,b,c, and d

GRAND TOTALS $47,394 $9,507 $37,887

Note s:
(A) 2-Notch Painters @ $13,500 c $27, 000
(B) 2 Skilled @ $2.00 s $4,00

2 Unokilled @ $1.20 - 2.40

Cost per piece for MW-1 z $47, 394 .0059
7,938,000
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Appendix B
Schedule B-lb

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Wafer Notch Paint Firing Mach. No. MW-Z

Equipment 1 -Furnace (A)

Based on 2 shifts, 3744 hrs., hourly prod. 2, 120 and annual prod. 7,938, 000 wafers

Annual Costs

Item Total Fixed Var iable

1. Material

2. Direct Labor
Hrs. (B) x Rate xx

3. Manufacturing Overhead
a. Ind. Lab. - 30% of Dir.

b. Mach., Equip. & Tool $3,674 $1,628 $2,046

c. Occupancy r
Proc. Space 128 xRatio 6 - 768 sq. ft.

Rent ?I--Fx i. 00 - 768 768
Light 768Tx .30 23% 23 207
Heat 768 x . 15 z 77 57 20

Subtotal - a,b, and c $4,749 $2,476 $2,273

d. Miscellaneous *

10% x Subtotal = 4, 749 475 248 227

Total - abc, andd 5,224 2,724 2,500

GRAND TOTALS $5,224 $2,724 $2,500

Note a:
(A) 1.-Furnace @ $9, 00G
(B) Direct Labor Included in MW-I

MC-3 Operation includes balance of cost

Cost per piece - $5,224 • .000667, 9•,8, 0o6
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Appendix B
SchedulL B-1c

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Wafer Notch Painting & Firing -and No. HW-i & 2

Based on 2 shifts, 4000 hrs. , hourly prod. 1960 and annual prod. 7,840,000

Annual Cost

Total F ItJAL Variable

HW-i z $150,377.00 $12,388.00 $137,989.00

HW-2 v 7,390.88 513.40 6,877.48

Totals - $157,767.88 $12,901.40 $144,866.48

Notes: Cost per piece for HW-I and 2 $157, 767.88 .0201
7,840,000
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Appendix B
Schedule B-ld

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Wafer Notch Painting Hand No. HW-l

Equýipment (A)

Based on 2 shifts, 4000 hrs. , hourly prod. 1960 and annual prod. 7, 840, 000

Annual Costs

Item Total Fixed Variable

1. Material --- xx

2. Direct Labor -
lIrs. 68, 992 x Rate 1.6 (B) = $110,387.00 xx $110,387.00

3. Manufacturing Overhead
a. Ind. Lab. 30% of Dir. 110,387 * 33,116.00 $ 9,935.00 23,181.00

b. Mach. , Equip. & Tool 178.80 145.27 33. 53

c. Occupancy
Proc. Space 510 (C) xRatio 5 = 2550 sq. ft.

Rent .80 x 2550 u 2,040.00 2,040.00
Light .30 x 2550 765.00 76.50 688.50
Heat . 10 x 2550 255.00 191. 25 63.75

I
Subtotal - a,b, and c $ 36,354.80

d. Miscellaneous
10% x Subtotal 36, 354. 80 3,635.48 3,635.48

Total - a,b,c, and d 39,990. 28 ......

GRAND TOTALS $150,377.00 $12,388.00 .t137,989. 00

Notes: (A) Notch Painting Tool, Bench & Stool. Cost for 17 station z $894. 30.
(B) Based on 17. 24 men per hour per 40 modules per hour for 4, 000

hours annually.
(C) Based on process space for 17 stations.

Cost per piece z $150,377 .0192
7,840, 000
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Appendix B
Schedule B-le

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Wafer Notch Paint Firing Hand No. HW-2

Equipment Benches, Stoolo and Infra-red Lamps

Based on 2 shifts, 4000 hrs., hourly prod. 1960 and annual prod. 7, 840, 000

Annual Cost

Item Total Fixed Variable

1. Material --

2. Direct Labor

Hrs. 3,450 xRate 1.68 $5,520.00 xx $5,520.00

3. Manufacturing Overhead

a. Ind. Lab. : 30% of Dir. 5,520 1,656.00 $477.00 1,179.00

b. Mach. , Equip. & Tool 44.80 36.40 8.40

c. Occupancy
Process Space (A) x Ratio

Subtntal - a, b, and c $1,700.80

d. Miscellaneous =

10% xSubtotal 1,700.80 170.08 170.08

Total - a,b, c and d 1,870.88

GRAND TOTAL $7,390. 88 $513. 40 $6,877. 18

Notes: (A) Part of operation HW-I space.used.

Cost per piece r $7, 390. 88 a 0009427
7,840,000
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Appendix B

Schedule B - If

Wafer Notch-Painting and Firi M SH W- 1 2---
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Appendix B

Schedale B-Za

PROJECT TINKERTOY -- Manufacturing Cost Dara

Processes Wafer Pattern Printing, Firing, Test. Mach. No. MW-3, 4 & 5

Equiprment See MW-3, 4 & 5 Data Sheet

Based on 2 shifts, 4,000 hrs., hourly prod. Z, 225 and annual prod. 7,614,000

Annual Cost

Total Fixed Variable

MW-3 $38,809 $ 9,014 $29,795

MW-4 4,758 2,826 1, 93Z

MW-5 20,531 5,137 15,394
=-J=

Total $64,098 $16,977 $47,121

Note s:

Cost per piece for MW-3, 4 and 5

$64,098 u .00842
7,614,066
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Appendix B

Schedule B-Lb

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Wafer Pattern Printing Mach. No. MW-3

Equipment I Wafer Pattern Printer (A)

Based on 2 shifts, 3,422 hrs. , hrly., prod. 2,225 ana annual prod. 7,614,000

Annual Cost

Total Fixed Variable

1. Mpteri-' xx

2. Direct Labor -
Hrs. 4,000 x Rate 4. 80 (B) $19,200 xx $19, 200

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 19, 200 5,760 $1,728 4,032

b. Mach., Equip. & Tool 10,983 5,611 5,372

c. Occupancy =
Proc. Space 129 x Ratio 6 a 774 sq. ft.

Rent 774 x 1.00 a 774 774 ---
Light 7714 -x 30 m 233 23 209
Heat 774 x .10 - 77 58 19

Subtotal - a,b, and c $17, 826 $8,194 $ 9,632

d. Miscellaneous

I0% x Subtotal 17,826= 1,783 820 963

Total - a,b,c, and d 19,609 9,014 10,595

GRAND TOTALS $38,809 $9,014 $29, 795

Note a:
(A) 1 Pattern printcr @ $26, 500
(B) I Skilled - $2.00

1 Scrni-rkilled - 1. 60
1 Unskilled - 1. 20

$" .s8-0
Cost per piece $38,809 : .0051

7,614,000
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Appendix B

Schedule B-Zc

PROJECT TINKERTOY -- Manufacturing Ccszt Pata

Processes Wafer Pattern Firing Mach. No. MW-4

Equipment I Furnace (A)

Based on 7 shifts, 3422 hrs., hourly prod. 2,225 and annual prod. 7,6 14, 000

Annual Cost

Item Total Fixed Varltble

1. Material xx

Z. Direct Labor
Hrs. (B) x Rate --- xx ---

3. Manufacturing Overhead
a. Ind. Lab.

b. Mach. , Equip. & Tool $3,132 $1,628 $1,504

c. Occupancy =
Proc. Space 142 x Ratio 6 = 852 sq. ft.

Rent 852x 1. 00 z 852 852 ---
Light 853 x ".30 = 256 26 230
Heat 852x .10 85 63 22.

Subtotal - ab, andc $4,325 $2,569 $1,756

d. Miscellaneous
10% x Subtotal 4, 3?5 433 257 176

Total - a,b,c, andd $4,758 $2,826 $1,93Z

GRAND TOTALS $4,758 $2,826 $1,932

Notes:

(A) 1 Furnace @ $9,000

(B) Direct Laba- Included in MW-3

Cost per piece = $4, 758 - .00062
7, 614 000
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Appendix B

Schedule B-Zd

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Wafer Pattern Testing Mach. No. MW-5

Equipment I Pattern Tester (A)

Based on 2 shifts, 3,470 hrs. , hourly prod. 2, 194 and annual prod. 7,614,000

Annual Cost

Total Fixed Variable

1. Material x;

2. Direct Labor a

Hrs. 4,000 xRate 2.40 (B) $9,600 xx $9,600

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 9,600 2 2,880 $ 864 Z,016

b. Mach. Equipment & T-ol 6,796 3,599 3, 197

c. Occupancy =
Proc. Space 31 x Ratio 6 = 186 sq. ft.

Rent 186-x 1. 00 - 186 186 ....
Light 186 x .30 - 56 6 50
Heat 186 x .10 - 19 15 4

Subtotal - a,b, and c 9,937 4,670 5,267

d. Miscellaneous -
10% of Subtotal 9,937 994 467 527

Total -a,b, c, and d 10.931 5,137 5,794

GRAND TOTALS $ 20, 531 $5,137 $ 15,394

Notes:

(A) 1 Tester @ $17, 000
(B) I Highly skilled @ $2. 40

Cost per piece u $20,531 a .0027
7,614,000

This operation is not performed separately in the hand
process, but is included in steps HW 3 and 4.
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Appendix B

Schedule B-Ze

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Wafer Pattern Printing & Firing Hand No. HW,-3 9: 4

Based on 2 ,hifts, 4000 hrs., hourly prod. 1800 .and annual prod. 7, ?,OO, (,00

Annual Cost

Total Fixed Var iable

X9 $26,Z14.40 $3,602, 63 $22,,',1.77

HW-4 9,688.29 1,439.60 8,248.69

$35,902. 69 $5,042. Z3 $30,8b0.46

Notes:

Cost per piece for HW-3 and 4 $35,902. 69 = .00498
7,Z0O,000
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Appendix B

Schedule B-Zf

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Wafcr Pattern Printing h-iand No. HW-3

Fquipmnment (A)

Based on 2 shifts, 4000 hrs., hourly prod. (B) 1800 and annual prod. (B) 7, Z00, 000

Annual Cost
Total Fixed Variable

1, Material

2. Direct Labor

Hrs. (C) 11,016 xRate 1.6 $17,625.60 xx $17,6Z5.60

3. Manufacturing Overhead
a. Ind. Lab. = 30% 5,287.60 $1,586.30 3,701.30

b. Mach., Equip. & Tool 1,980.40 1,609.08 371.32

c. Occupancy
Proc. Space (D) 90 x Ratio 5 a 450 sq. ft. xx Xx xx

Rent 450 x . 80 - 360.00 360.00
Light 450 x .50 135.00 13.50 121.50
Heat 450 x . 10 - 45.00 33.75 11.25

Subtotal - a,b, and c $ 7,808.00

d. Miscellaneous =

10% x Subtotal c 780.80 780.80

Total - a,b,c, andd 8,588.80

GRAND TOTALS $26,214.40 $3,60Z.63 $22,611.77
Notes:
(A) Printing press, screens, bench & stool; cost for 3 stationzi $9,90'..20

(B) 15 ops. on one side x 40 = 600 ops/hr x 4000 hrs. = 2,400,000 ops (pcs)
30 ops. on two sides x 40 1200 ops/hr x 4000 hrs. = 4,800,000 ops (pcs)

i800pcs/hr 7 ,200,000pcs annual pro-.

(C) .546 (Men/hr to make 40 Mod/hr) x 4000 hrs = 2, i84 Dir. Lab. Hrs.
Z.208 ti x 4000 hrs = 8,832

1T,016

(D) Based on 30 sq. ft. x 3 Stations (for both Opa) - 90 sq. ft.

Cost per piece = $26,214.40 .00364
7,200,000

This cost is based on printing six wafers at one time instead Mf

one as at present,
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Appendix B

Schedule B-2g

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Wafer Pattern Firing Hand No. HW-4

Equipment Curing Oven (A)

Based on 2 shifts, 4000 hrs., hourly prod. 1800 and annual prod. 7,200,000 (D)

Annual Cost

Item Total Fixed Variablc

1. Material XX

2. Direct Labor
Hrs. 3168 (C) x Rate 1.6 ' $5,068.80 xx $5,068. 80

3. Manufacturing Overhead
a. Indirect Labor 1,520. 64 $ 456. 19 1.064. 45

b. Mach., Equip. & Tool 2,472.50 827.75 1,644.75

c. Occupancy =
Proc. Space 172 x Ratio 1 - 172 sq. ft. xx xx xx

Rent 172 x.8 - 137.60 137.60
Light 172 x . 3 51.60 5.16 46.44
Heat 172 x . 1 17.20 12.90 4.30

Subtotal - a,b, and c $4,199.54

d. Miscellaneous =
10%6 x Subtotal 419.95 419.95

Total - a,b,c, and d 4,619.49

GRAND TOTALS $9,688. 29 $1, 439. 60 $P, 248. 69

Notes:

(A) Cost of equipment a $4, 730
(B) 45 Wafers/module x 40 rnodules/hr r 1800 hrly prod. x 4, 000 = annual prod.
(C) . 7920 men per hr. per 40 strips x 4000 hrs. = 3, 168

Cost per piece = $9, ARf. 29 .A0134
7,200,000
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Appendix B
Schedule B-2h
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Appendix B

Schedule B-3a

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Resistor Tape Application Mach. No. MR-I

Equipment 1 Resistor Tape Applicatcor (A)

Based on 2 shifts, 2,273 hrs., hourly prod. 1,069 and annual prod. 2,430,000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 2,880 xRate 1.60 (B) $ 4,608 xx $4,608

3. Manufacturing Overhead
a. Ind. Lab. ; 30% of Dir. 4,6088 1,382 $ 415 967

b. Mach., Equip. & Tool 4,762 2,541 2,221
c. Occupancy =

Proc. Space 24 x Ratio 6 144 sq. ft.
Rent 144 x 1.00 = 144 144 -
Light 144 x .30 43 4 39
Heat 144 x . 10 14 12 2

Subtotal a,b, and c $ 6,345 $3, i16 $3,229

d. Miscellaneous =

10% of Subtotal 6,345 635 312 323

Total - a,b,c, andd 6,980 3,428 3,552

GRAND TOTALS $11,588 $3,428 $8,160

Notes:
(A) I Tap, Applicator @ $12, 000
(B) I Semi-skilled @ $1. 60

Cost per piece = $11,388 = .00477

2, 430,900
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Appendix B
Schedule B-3b

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Resistor Tape Application & Inspec. Hand No. HR-1 & lb

Equipment
wafers

Based on 2 shifts, 4,000 hrs., hourly prod. and annual prod. 2,400, 000

Annual Cost

Total Fixed Variable

HR -1 $27,358. 19 $2,238.29$25,119.90

I-R- lb 29, 012. 72 2,540.65 26,472.07

Total $56,370. 91 $4,778.94$51,591.97

Notes:

Cost per piece $56,370.91 . 0235
2,400, OO wafers

6
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Appendix B

Schedule B-3c

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Resistor Tape Application Hand No. HR-1

Equipment ( AA)

Based on 2 shifts, 4, 000 hrs., hourly prod. (B) and annual prod. (C) 2,560, 000

Annual Costs

item Total Fixed Variab]i

1. Material xx

2. Direct Labor
Hr-. (D) 12, 563.2 x Rate 1.6 $20,101.12 xX $20,101.12

3. Manufacturing Overhead
a. Ind. Lab.: 30% of Dir. 20,101.12: 6,030.34 $1,809.10 4,221.24
b. Mach., Equip. & Tool 27.00 21.94 5.06
c. Occupancy =

Proc. Space (E)_90 x Ratio 5 : 450 sq. ft.
Rent 450 x .8 - 360.00 360.00
Light 450 x .3 z 135.00 13.50 121.50
Heat 45M x .1 - 45.00 33.75 11.25

Subtotal - a, b, and c 6, 597. 34

d. Miscellaneous z
10% of Subtotal 6,597. 34 659.73 659.73

Total - a, b, c, and d 7.257.07

GRAND TOTALS $27,358.19 $2,238.29 $25,119.90

Notes: (A) Bench, stool, cutting tools; cost for 3 stations - $135.00
(B) Use net 600 for co:nparative ccsts.
(C) iI op's. on one side x 40 :440/hr. x 4,000 :1,760,000

5 op's. on two sides x 40: Z00/hr. x 4,000: 800,000
Z, 560,003pcs. annual prod.

(D) 1. 9008 (men/hr. to make 40 mod./hr. x 4, 000 hrs. = 7, 603. 2 air. lab. hrs.
1.240 " " x 4,000 hra, = 4, 960, 0

Iz, 5-6-3.2
(E) Based on 30 sq. ft. per station x 3 stations = 90 sq. ft.

Coat per piece : $27,358.19 : .0107
2,560,000
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Appendix B
Schedule B-3d

PROJECT TINKERTOY - Manufacturing Cost Data

Proces : Curing Resistor Tape Hand No. HR-la

Equipment *

Based on 2 shifts, 4000 hrs. , hourly prod. 600 and annual prod. 2,400,000

Annual Costs

Total Fixed Variable

1. Material xx

2. Direct Labor a
Hrs. 1, 126.40 x Rate 1.6 $1,802.24 xx $1,802.24

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 1, 802.24 540.67 $162. 20 378.47

b. Mach., Equx1.. & Tool 805.00 269.50 535.50

c. Occupancy-=
Proc. Space 56 x Ratio 5 = 280 sq. ft.

Rent . x280 ;- 224.00 224.00 ---

Light .- x 2a0 z 84.00 8.40 75.60
Heat 1x 280 z 28.00 21.00 7.00

Subtotal - a,b, and c $1,681.67

d. Miscellaneous =
10% x Subtotal 1,681.67 - 168. 17 168. 17

ToteI - a, b, c, anld d 1,849.84

GRAND TOTALS $3.,652.08 $685. 10 $2,966.98

Notes:
* Curing oven (used for other curing opera.; coat distr. on basis of pieces)

15 ops x 40 = hrly prod x 43000 - 2, 400, 000 annual prod.

.28160 x 4,3000 = 1, 126.40 Dir. Lab, Hrs.

Cost per piece a $3,652.08 z .00152
2, 400, 000 pcs. -

This operation is being performed in current model
shop manufacture, but is not incluL.±d in the projected
hand process manufacture. The protective tape curing
operation (HIR-3) is included. 62



Appendix B

Schedule B-3e

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Inspecting Resistor Tape Hand No. HR-lb

Equipment Benches, stools, elect, testing instr.

Based on 2 shifts, 4,000 hrs., hourly prod. 600 and annual prod. 2,400,000 (B)
(640 Inspections) (Z, 56"0,000 Inspections)

Annual Cost

"Total Fixed Variable

1. Material --- xx ---

2. Direct Labor
Hrrs. 13,200 (C) xRate 1.6 $21,120.00 xx $21,120.00

3. Manufacturing Overhead
a. Ind. Lab. " 30% of Dir. 21, 120.00 6,336.00 $ 1,900.80 4,435.20

b. Mach. , Equip. & Tool 119.20 96.85 22.35

c. Occupancy =
Proc. Space 120 (D) x Ratio 5 - 600 Sq. ft.

Rent .8 X 6o - 480.00 480.00 ---
Light .3 x 600 : 180.00 18.00 1(2.00
Heat .1 x 600 - 60.00 45.00 15.00

Subtotal - a,b, and c 7, 175.20

d. Miscellaneous
107o x Subtotal 7,175. Z0 A 717. 52 717. r,2

Total - a,b,c, and d 7,892.72

GRAND TOTALS $ 29, 012.72 $2,540.65 $26,472.07

Notes:
(A) Cost of equipment for 4 stations = $596.
(B) 15 ops x 40 - 600 hrly prod x 4,000 - 2.400, 000 annual prod.
(C) 3.30 x 4,000 13, ZOO Dir. Lab. Hrs.
(D) 4 stations x 30 sq. ft. = 120 sq. ft.

Cost per piece z $29,017.72 0121
2,400,000



Appendix B
Schedule B-3f
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Appendix B
Schedule B-4a

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Protective Tape Application Mach. No- MR-2

Equipment I -Protective Tape Applicator (A)

Based on 2 shifts, 2275 hrs., hourly prod. 1069 and annual prod. 2,430, 000

Annual Cost

Total Fixed Variable

1. Material xX --

2. Direct Labor -
Hrs. Z,880 xoRat 1. f60 BI ,UUO ..V XX , UVO. VV

3. Manufacturing Overhead
a. Ind. Lab. 30% of Dir. 4,608 * 1,382. 00 $ 415.00 967.00

b. Mach., Equip. & Tool 4,762.00 2,541.00 2,221.00

c. Occupancy -
Proc. Space 24 x Ratio 6 144 sq. ft.

Rent 1.-00 x 144 - 144.00 144.00 ---

Light .30 x 144 43.00 4.00 39.00
Heat .10 x 144 'A 14.00 12.00 2.00

Subtotal - a,b, and c $ V,345.00 $3;16.00 $3,229.00

d. Miscellaneous
10% xSubtotal 6,345 a 635.00 31Z.00 323.00

Total - a, b, c and d 6,980.00 3,428.00 3,552.00

GRAND TOTAL $11,588.00 $3,428.00 $8,160,00

Notes:
(A) I Tape applicator = $12,000
(B) I Semi-skilled = $1.60

Cost per piece - $11,588 - .00477
2,430,000
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Appendix B
Schedule B-4b

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Resistor Protective - Tape Application Hand No. HR -Z

Equipment (A)

Based on 2 shifts, 4000 hrs. , hourly prod. (B) 600 and annual prod. 2,400,000 (B)

Annual Costs
Total Fixed Variable

1. Material --- xx ---

2. Direct Labor
fIrs. (G) 15,488 x Rate 1.6: $24,780.80 xx $24,780.80

3. Manufacturing Overhead
a. Ind. Lab. = 30% 7,434.24 $2,230.27 5,203.97

b. Mach., Equip. & Tool 49.20 39.98 9.22

c. Occupancy z
Proc. Space (D) 120 x Ratio 5 600 sq. ft.

Rent .80 x 600 - 480.00 480.00 ---
Light .30 x 600 180.0, 18.00 162.00
Heat 610 x 60 60.00 45.00 15.00

Subtotal - a,b, and c $ 8,203.44

d. Miscellaneous z 10% x Subtotal 820.34 820.34

Total -a,b,c, and d 9,023.78 --- -

GRAND TOTAL $33,004.58 $2,813.25 $30,991.33

Notes: (A) Tape Press, Bench, Stool; cost for 4 stations a $246.40
(B) 7 operators on one side x 40 - 280 x4000 - 1,120,000

8 operators on two sides x 40 a 310 x 4000 s 1,280,000
- •2,4607000 pcs. Annual Prod.

(C) 1. 3664Aaen/hr to make 40 -nodules/hr) x4000 hrs a 5,465. 6 ) Direct
10,022.4 ) Labor
15,488.0) 0Hrs.

(D) Based on 30 sq. ft. per station x 4 stattonA 1 0 sq. ft.

Cost per piece = $33, 804. 58 - 0141
2, 400, 000
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Appendix B

Schedule B-4c
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Appendix B
Schedule B-5a

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Resistor and Protective Tape Curing Mach. No. MR-3

Equipment 1 Oven (A)

Based on 2 shifts, 2, 273 hro., hourly prod. 1,069 and annual prod. 2,430, 000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. (B) x Rate --- xX

3. Manufacturing Overhead
a. Ind. Lab. % 14 of Dir. -- ...

b. Mach., Equip. & Tool $2,588 $1,628 $ 960

c. Occupancy
Proc. Space 60 x Ratio 6 a 360 sq. ft.

Rent 37-0x 1.00 - 360 360 ---
Light 35".30 108 11 97

Heat 360x .10 36 27 9

Subtotal a,b, and c $3,092 $2,026 $1,066

d. Miscellaneous
10% :: Subtotal 3,092 309 203 106

Total - a, b, c, and d

GRAND TOTALS $3,401 $2,229 $1,172

Note s:

(A) 1 Oven = $9,000
(B) Direct Labor included in MR-2

Cost per piece $3,401 .00141
2.,430,0060
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Appendix B
Schedule B-5b

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Curing Protective Tape Hand No. HR.-3

Equipment Oven (A)

Based on 2 shifts, 4, 000 hrs., hourly prod. 600 wafers and annual prod.
2, 400, 000 wafers (B)

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 1, 126.40 (C) x Rate 1.6 $1,802.24 xx $1,802.24

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 1,802. 24 540.67 $ 162.20 378.47

b. Mach., Equip. & Tool 805.00 685.30 119.70

c. Occupancy =
Proc. Space 56 * x Ratio 5 = 280 sq. ft.

Rent 280 x .8 224.00 224.00 ---
Light 280 x .3 84.00 8.40 75.60
Heat 280 x . 1 8.00 21.00 7.00

Subtotal - a,b, and c $1,681.67

d. Miscellaneous z
10%xSubtotal 1,681.67 168.17 168.17

Total - a,b,c, and d 1,849.84

GRAND TOTALS $3,652.08 $2, 100.90 $2,551. 18

Notes:
* Pro Rata

(A) Cost of Equipment = $1, 540
(B) 16 opers x 40 = 640 hrly. prod. x 4,000 - 2,560,000 annual prod. (ops.)
(C) .28160 x 4,000 1, 126.40 Dit. Lab. Hrs.

Cost per cpetation * $3,652. 08 - .00143
2-,-5-6-6-6-,00 ops

Cost per wafer $3,652.08 = .00152
2,400, 000 wafers
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Schedule B-5c
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Appendix B

Schedule B-6a

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Resistor Wafer Notch Solder Filling Mach. No. MR-4

Equipment 2 Notch Tinners (A)

Based on 2 shifts, 2,978 hrs. , hourly prod. 816 and annual prod. 2,430, 000

Annual Costs

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 3,600 xRate 2.40 (B) - $ 8,640 xx $ 8,640

3. Manufacturing Overhead

a. Ind. Lab. : 30% of Dir. 8,640 2,592 $ 778 1,314

b. Mach., Equip. & Tool 4,743 2,435 2,30a.

c. Occupancy r
Proc. Space 50 x Ratio 6 a 300 sq. ft.

Rent 300 x 1. 00 - 300 300 ---
Light 300 x 30 90 9 81
Heat 300 x .10 - 30 24 6

Subtotal - ab, and c $ 7,755 $3,546 $ 4,209

d. Miscellaneous
10% x Subtotal 7,755 - 776 355 441

Total - a, b, c, and d 8,531 3,901 4,630
*1

GRAND TOTALS $17, 171 $3,901 $13, 270

Notes:

(A) 2 Tinners @ $5,750 $11,500
(B) 2 Unskilled@ $1. 20 $2.40

Cost per piece $17, 171 . 00707

2,430,000
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Appendix B

Schedule B-6b

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Resistor-Wafer Notch Solder Filling Hand No. HR-4

Equipment (A)

Based on 2 shifts, 4000 hrs. , hourly prod. 600 and annual prod. 2, 400, 000 (B)

Annual Costs

Total Fixed Variable

1. Material xx ---

2. Direct Labor
Hrs. 19, 008 (C) x Rate 1. 6 $30,412. 80 xx $30,412.80

3. Manufacturing Overhead
a. Ind. Lab. * 30% of Dir. 30,412.80 9,123.84 $2,737. 15 6,386.69

b. Mach. , Equip. & Tool 187.60 15Z. 43 35. 17

c. Occupancy =
Proc. Space 150 (D) x Ratio 5 : 750 sq. ft.

Rent .8 x 750 * 600.00 600.00
Light . 3 x 750 225.00 25. 00 ZOO. 00
Heat .1x750 u 75.00 56.25 18.75

Subtotal - a,b, and c $10,211.44

d. Miscellaneous =
10%7 x Subtotal 10, 212. 44 :, 1021. 14

Total - a,b,c, and d 11,232.58

GRAND TOTALS $41,645.38 $3,570.83 $38,074.55

Notes:
(A) Solder pots, cleaning & rinsing pans, bench, stool, tweezers:

hood. Cost of equipment - $938,

(B) 15 ops x 40 = 600/hr x 4,000 - 2,400,000
(C) 4.752 x4,000 = 19,008 Dir. Lab. Hrs.
(D) 5 stations x 30 sq. ft. = 150 sq. ft.

Cost per piece $41,645.38 - .0174-p.J 400,000 PCs
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Appendix B
Schedule B- 6c
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Appendix B
Schedule B-la

PROJECT TINKERTOY -- Manufacturing Cost fl.ata

Process Resistor Inspection Mach. No. M.R-5

Equiprnent 2 Resistor Assembly Testers (A)

Based on 2 shifts, 2, 490 hrs. , hourly prod. 976 and annual prod. 2, 430, 000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 3,086 xfRate 4.80 (B): $44,784 xx $14,784

3. Manufacturing Overhead
a. Ind. Lab. - 30% of Dir. 14,784 4,435 $1,331 3,104

b. Mach. , Equip. & Tool 8,821 4,658 4,163

c. Occupancy =
Proc, Space 82 x Ratio 6 u 492 sq. ft.

Rent 42x. 1.00 -- 492 492 ---

Light 492 x .30 z 148 15 133
Heat 492 X .0 o 49 36 13

Subtotal - ab, and c $13,945 $6,532 $ 7,413

d. Mi-cellaneous =
10% x Subtotal 13,945 1,395 653 742

T)tal - ab,c, and d 15,340 7,185 8,155

GRAND TOTALS $30,124 $7,185 $ZZ,939

Note s:
(A) 2 Testers @ $11,000 - $22, 000
(20fl) 2Lighly Skillcd @- $2. 40 = $4. 80

Cost per piece = $30,124 : .0124
2,430,000
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Appendix B

Schedule B-7b

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Resistor Inspection Hand No. HR-5

Equlipment Benches, stools, testing equipment

Based on 2 shifts, 4000 hra. , hourly prod. 600 and annual prod. 2,400, 000

Annual Cost

Total Fised Var iable

1. Material xx

2. Direct Labor
Hrs. 13, 200 x Rate 1.6 z $21,120.00 xx $21, 120.00

3. Manufacturing Overhead

a. Ind. Lab. : 30% of Dir. 21,120.00 6,336.00 $1,900.80 4,435.20

b. Mach. , Equip. & Tool 95.40 77.51 17.89

c. Occupancy
Proc. Space 120 x Ratio 5 : 600 sq. ft.

Rent *8-T600 - 480.00 480.00
Light .3 x 600 180.00 18.00 162.00

Heat .1 x 600 - 60.00 45.00 15.00

Subtotal - a,b, and c $ 7, 151.40

d. Miscellaneous w
10% of Subtotal 7,151.40 715.14 - 715. 14

Total - a,b,c, and d 7,866.54

GRAND TOTALS $28,986.54 $2,521.31 $26,465.23

Note s:

15 ops x 40 : 600 nps/m x 4,000 = ?, 400,000 annual prod.

3.3 x 4,000 c 13, 200 Dir. Lab. Hra.
4 stations x 30 sq. ft. = 120

Cost of equipment = $477

Cost per piece; $28,986.54 = .0121

2,400,000
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Appendix B

Schedule B-ic

Resistor Inspection T M & H R-.5-
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Appendix B

Schedule B-Ba

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Capacitor Wafer Pattern Tinning Mach. No. MC-1

Equipment 3-Surface Tinners (A)

Based on 2 shifts, 4000 hrs. , hourly prod. 1276 and annual prod. 5, 184, 000 (B)

Annual Cost

Total Fixed Variable

1. Material x-

Z. Direct Labor
I-Irs. 4000 x Rate 4.80 (C) $19,200 xx $19,200

3. Manufacturing Overhead
a. ind. Lab. : 30% of Dir. 19,200 : 5,760 $1,728 4,032

b. Mach., Equip. & Tool 3,732 3,4Z0 312

c. Occupancy =
Proc. Space 66 x Ratio 6 z 396 sq. ft.

Rent 39- x 1.00 - u 396 396 -
Light 967-. 119 12 107
Heat 396 x .0 1 40 30 10

Subtotal - a,b, and c $10,047 $5,586 $ 4,461

d. Miscellaneous =
10% x Subtotal 10,047 1,005 559 446

Total - a,b,c, and d 11,052 6,145 4,907

GRAND TOTALS $30,252 $6,145 $24, 107

Notes:
(A) 3-Surface Tinners @ $7, 600 for capacitor and tube socket pattern

tinning.
(B) Thin total is composed of:

Capacitor wafers a 3,390,000
Tube socket wafers u 1,794,000

(C) 3 Semi-skilled @ $1. 60 : $4, 80

Cost per piece $30,252 .00584
5,184,000
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Appendix B
Schedule B-8b

PROJECT TINKERTOY -- Manufacturing Coat Data

Process Capacitor Wafer Pattern Tinning Hand No. HC-1

Equipment (A)

Based on 2 shifts, 4000 hrs,, hourly prod. 720 (B) and annual prod. 2, 880, 000

Annual Cost

Total Wixed Variable

1. Material xx

2. Direct Labor --
Hra. 18,374 (C) xRate 1.6k $29,3919.00 xx $29,399.00

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 29,399 8,819.70 $2,645.91 6,173.79

b. Mach., Equip. & Tool j87.60 152. 43 35.17

c. Occupancy "
Proc, Space 150 (D) x Ratio 5 - 750 sq. ft.

Rent .80 x 750 - 600.00 600.00
Light .30 x 750 - 225.00 22. 50 202.50
Heat . 10 x 750 - 75.00 56.25 18.75

Subtotal - a,b, and c $ 9,907.30 ---

d. Miscellaneous =

10% x Subtotal 9, 907. 30 990.73 --- 990.73

Total - a,b, c and d 10,898.03
ap

GRAND TOTALS $40, 297. 03 $3,477.09 $36,819.94

Note.: (A) Solder pots, tweezers, overhead hood, bench and stool.
Cost for 5 stations = $938.

(B) 18 wafers/module x 40 modules/hr - 720/hr

(C) 4. 5936 men/hr for 40 modules/hr x 4000 hrs = 18, 374 hrs
(D) 5 stations required @ 30 sq. ft. each a 150 sq. ft.

Costper piece w $40,297.03.: .014
Z,880,000

The following chart, Schedule B-8c,reflects the combined capacitor

and tube socket pattern tinning operations. (See B-8a, and B-iSa)
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Appendix B

Schedule B-Sc

Capacitor 8 Tube Socket Wafers: M & H C-I

"Pattern Tinning M Mk HTS--I
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Appendix B

Schedule B-9a

PROJECT TINKLRTOY -- Manufacturing Cost Data

Processes Capacitor Body Pattern Painting and Firing . Mach No. MC-2 & 3

Equipment See MC-2 & 3 Data Sheets

Based on 2 Shifts, 3840 Hrs., Hourly prod. 1350 and annual prod. 5, 184,000bodies

Annual Costs

Total Fixed Variable

MC-?. $26.493.00 $6,348.00 $20, 145.00

MC-3 5,258.00 2,724.00 Z, 534. 00

TOTAL $ 31,751.00 $9,072.00 $22,679.00

Note s:

Cost per piece for MC-2 and 3 $31,751.00 a .00612
-5; 184, 000
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Appendix B

Schedule B-9b

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Capacitor Body Pattern Painter Mach. No. MC-2

Equipment 2-Capacitor Body Pattern Painters (A)

Based on 2 Shifts, 3840 Hrs. , Hourly Prod. 1350 and annual Prod. 5, 184, 000 Bodies

Annual Costs

Total Fixed Variable

1. Material xx

2. Direct Labor $12,800 xx $12,800
Hrs. 4000 x Rate 3.80 (B)

3. Manufacturing Overhead
a. Ind. Lab.= 30% of Direct "12,800 3,840 $1,152 2,688

b. Mach., Equip. & Toci 8,121 4,234 3,887

c, Occupancy a
Proc. space 58 x Ratio 6 a 348

Rent 348_ x $1.00 348 348
Light "_X .30u 104 10 94
Heat " x .10 a 35 27 8

Subtotal - a.b, and c. 12,448 5,771 6,677

d. Miscellaneous =
10%xSubtotal $1Z,448 1,245 577 668

Total - a, b, c, and d 13269 3  6,348 7,345

GRAND TOTALS $26,493 $6,348 $20,_145

Note s:

(A) Z Printers at $10,000 $20,000
(B) 2 Semi-skilled at $1.60 $3.20

Cost per piece $z $26,493 * .00511
5,184,000
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Appendix B
Schedule B-9c

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Capacitor Body Pattern Firing Mach. No. MC-3

Equipment 1 -Furnace (A)

Based on 2 shifts, 3840 hre., hourly prod. 1350 and annual proJ. 5,184,000

Annual Costs

Ttearn Total FLixed Variable

1. Material

2. Direct Labor = (B)

3. Manufacturing Overhead
a. Ind. Lab.

b. Machine, Equipment & Tool $,,705 $1,628 $2,077

c. Occupancy =
Proc. Space 128 x Ratio 6 768 sq.ft

Rent 768 x 1. 00 - 768 768
Light 768 x .30 230 23 207
Heat 768 x .10 57 20

Subtotal -a, b, and c 4,780 2,476 2,304

d. Miscellaneous z
10% x Subtotal 4780 478 248 230

Total - a, b, c, and 5,258 2, 724_

GRAND TOTALS $ 5,258 $Z, 724 $2, 534

Notes: (A) Furnace @ $9.00 (A!I:o used for MW-2, Wafer Notch
Paint Firing. )

(10) Direct Labor in Operation MC-2.

Cost per piece a $5,258 .00101
5,184,000
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Appendix B
Schedule B-9d

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Capacitor Body Pattern Printing & Firing Hand No. HC C-2, 2a & 3

Equipmeint Sce HC-2, 2a & 3 Data Sohest

Based on 2 shifts, 4,000 hrs., hourly prod. 1, 360 and annual prod. 5,440, 000

Annual Cost

Total Fixed Var iable

HC-2 $24,916.86 $3,148.89 $21,767.97

HC-Za 6, 586. 72 582. 85 6,003.87

HC-3 7,543.46 1,417.68 6,125.78

GRAND TOTALS $39,047.04 $5,149.42 $33,897.62

Notes:

Cost per piece for HC2, 2a & 3 a

$39,047.04 - .00717

83



Appendix B
Schedule B-9e

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Capacitor Body Pattern Printing Hand No. HC-2

Equipment (A)

Based on 2 shifts, 4,000 hrs., hourly prod. 1,360 and annual prod. 5,440,000 (B)

Annual Cost

Total Fixed Variable

1. Material Xx

2. Direct Labor =
Hrs. 10,662 (G) xRate 1.6 • $17,060 xx $17,060

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Direct 17, 060 - 5, 118 $1,535.40 3,582.60

b. Mach., Equip. & Tool 1,484.60 1,206.24 278.36

c. Occupancy =
Proc. Space 90 (D) xRatio 5 - 450 sq. ft.

Rent 450 x .80 * 360.00 360.00 ---
Light 450 ;'. 30' 135.00 13.50 1,1.50 "
Heat 450 x.10 o 45.00 33.75 1I.z5

Subtotal - a,b, and c $ 7,142.60

d. Miscellaneous
10% of Subtotal 7, 142.60 714. 76 ... 714.26

Total - a,b,c, and d 7,856.86

GRAND TOTALS $24,916.86 $3, 148. 89 $21, 767. 97

Notes:
(A) Capacitor Printing Press, Syntron, Rack, Bench & Stoul

Cost for 3 stations - $7,423.
(B) 34 x 40 - 1, 360 hrly. prod. x 4, 000
(C) 2. 66560 x 4,000 - 10,662 Dir. Lab. Hrs. (.

(D) 3 stations x 30 sqo ft. = 90 tq. ft.

Cost per piece - $24, 916. 86 * .00458

,446,'00"8
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Appendix B
Schedule B-9f

PROJECT TINKYjRTOY -- Manufacturing Cost Data

Processes Make Capacitor Leads HaiA No. HC-2a

Equipmnent Benches, stools,- f•xture (A)

Based on 2 shifts, 4,000hrs., hourly prod. 1, 36U and annual prod. 5,440,000 (B)

.Annual Coats

Total Fixed Variable

1. Material -

2. Direct Labor =

Hrs. 2,992 (G) xRate 1.6. $-1,787.20 xx $4,787.20

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 4,787. 20: 1,436.16 $430.85 1,005.31

b. Mach. , Equip. & Tool 20.00 16.25 3.75

c. Occupancy =
Proc. Space 30 (D) x Ratio 5 150_sq. ft.

Rent 150 x .80 120.00 120.00 ---
Light 150 x .30 45.00 4.50 40.50
Heat 150 x .10 15.00 11.25 3.75

Subtotal - a, b, and c $1,636.16

d. Miscellaneous
10% of Subtotal 1,636. 61: 163.36 163.36

Total - a, b, c, and d 1,799.52

GRAND TOTALS $6,586.72 $582. 85 $6, 003. 87

Notes: (A) Equipment for one station = $100.
(B) 34 x 40 : 1,360 hrly. prod. x 4,000
(C) .74800 x4,000 = 2,992 Dir. Lab. Hra.

Cost per piece : $6, 586. 72 - .00121
5,440,000

85



Appendix B
Schedule B-9g

PRU.TJ.ECT TINKERTOY -- Manufacturing Cost Data

Pc,ýcesse& Capacitor Body Pattern Firing Hand No. HC-3

£qui-nxcat 1 Overt (A)

Based on 2 shifts, 4, 000 hrs. , hourly prod. 1, 360 and annual prod. 5, 440, 000 (B)

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 2,323 (C) xRate 1.6 $3,717.-Q0 xx $3,717.00

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 3,717 * 1,115.10 $ 334.53 780,57

b. Mach., Equip. & Tool 1,667.50 558.25 1,109.25

c. Occupancy a

Proc. Space 116 (D) xRatio 5 * 580 sq. ft.
Rent S8J-"L 0 - - 464.00 464.00 ---
Light PRO xT. 3 0 174.00 17.40 156.60Heat 580 x. 10 - 58.00 43.50 14.50

Subtotal - ab, and r $3,478.60

d. Miscellaneous
10% x Subtotal 3,478.60 347.86 --- 347.86

- a cb,, andd 3,82b.4-*6

GRAND TOTALS $7,543.46 51,417.69 $6,125.78

Note s:
(A) I oven @ $3, 190.
(B) 31x40 - 1, 3 6 0x4,000
(C) . 58080 x 4, 000 - 2, 323 Dir. Lab. Hrs.
(D) This Is oven area, in which is included all associated space

requirern ents.

Cost per piece w $7,543.46 * .00138 -4,

5;440,000
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Appendix B

Schedule B-9h
II ' I I ]i
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Appendix B

Schedule B-10a

PROJECT TINKEIRTOY -- Manufacturing Cost Data

Processes Capacitator Body Pattern Testing Mach. No. MC.4

Equipment 1 Capacitor Body Pattern Tester (A)

Based on 2 shifts, 3,134 hr.., hourly prod. 1,654 and annual prod. 5,184,000

Annual Costs

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 3,720 xRate 2.40 (B) $8,928 xx $8,928

3. Manufacturing Overhead
a. Ind. Lab. : 30% of Dir. 8,928 2,678 $ 803 1,875

b. Mach., Equip. & Tool 2,239 1,165 1,074

c. Occupancy-
Proc. Space 17 x Ratio 6 = 102 sg. ft.

Rent 102 x 1.00 - 102 102 ---

Light 102 x .30 : 31 3 28
Heat 102 X .10 - 10 9 1

Subtotal - a, b, and c 5,060 $2,082 $2,078

d. Miscellaneous
10%x Subtotal 5i060: 506 208 298

Total ,a, b, c and d 5,566 2,290 3,276

GRAND TOTALS $14,494 $2,290 $12,204

Notes: (A) 1 Tester @ $5, 500
(B) 1 hiighly Skilled @ $2.40

C.nst per pier p: $14,494 - .0028
5, 184, 000

88



Appendix B
Schedule B-10b

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Capacitor Body Pattern Testing Hand No. HC-4

Equipment Benches, stools, electric tester (A)

Based on 2 shifts, 4,000 hrs., hourly prod. 1,360 and annual prod. 5,440, 000 (B)

Annual Costs

Total Fixed Veriable

1. Material XX

2. Direct Labor
Hrs. 9, 574 (G) x Rate 1.6 : $15,319 XX $15,319

3. Manufacturing Overhead
a. Iid. Lab. : 30% of Dir. 15,319: 4,595.70 $1,378.71 3,216.99

b. Mach., Equip. & Tool 324.00 263.25 60.75

c. Occupancy
Proc. Space 90(D) x Ratio 5 450sq. ft.

Rent 450 x .80 : 360.00 360.00 ---

Light 450 x .30 - 135.00 13.50 121.50

Heat 450 x .10 - 45ý00 33.75 11.25

Subtotal - a, b, and c 5,459.70

d. Miscellaneous
10%x Subtotal 5,459.70 545.97 545.97

Total - a, b, c, and d 6,005 67

GRAND TOTALS $21,324.67 $2,049.21 $19,275.46

Notes: (A) Equipment for 3 stations = $1, 620
(B) 34 x 40 : 1, 360 pcs./hr. x 4,000 = 5,440,00v

(C) 2.39360 x 4,000 = 9,574
(T,) 3 stations x 30 sq. ft. z 90 wq. it.

Cost per piece $21, 3Z4.67 = .00392
5,440,000 pca.
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Appendix B

Schedule B-lOc
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Appendix B
Schedule B-lha

PROJECT TINKERTOY - Manufacturing Cost Data

Processes Capacitox Body Pattern Tinning Mach. No, MC-5

Equipment 4 Capacitor Body Pattern Tihmers (A)

Based on 2 shifts, 3,306 hrs. , hourly prod. 1,568 and annual prod. 5,184,000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 3, 880 x Rate 6.40 (B) $24,832 xx $24,832

3. Manufacturing Overhead
a. Ind. Lab. - 30%16 of Dir. Z4, 832 s 7,453 $ 2,236 5,217

b. Mach., Equip. & Tool 12,409 6,436 5,973

c. Occupancy -
Proc. Space 92 x Ratio 6 * 552 sq. ft.

Rent 553-2x 1.00 - 552 552 ---
Light 552 x .30 166 17 149
Heat 552 x .10 55 42 13

Subtotal - a,b, and c $20,635 $ 9,283 $11,352

d. Miscellaneous =
107o x Subtotal 20, 635 2,064 9?8 1, 136

Total - a,b,c, and d 22,699 10,211 12,488

GRAND TOTALS $47,531 $10,?1i1 $37, 320

Notes:
(A) 4 Tinners @ $7, 600 = $30, 400
(B) 4 Semi -skilled @ $1. 60 - $6. 40

Cost per piece - $47,531 - . 00917

5,184,000

91



Appendix D

Schedule B -I lb

PROJECT TINKERTO, -- Manufacturing Cost Data

Processes Capacitor Body Pattern Tinning Hand No. HC- 5

Equipment Benches, stools, solder pots, exh;ust hood,&- misc. (A)

Based on 2 shifts, 4,000 hrs. , hourly prod. 1,360 and annual prod. 5,440,000 (B)

Annual Cost

Total Fixed Variablc

1. Material XX

2. Direct Labnr r
Hrs. 21,524 (C) xRate 1.6 $34,468.00 xx $34,468.00

3. Manufacturing Overhead
a. Ind. Lab. m 30% of Dir. 34, 468. 10,340.40 $3,102. 12 7,238.28

b. Mach. , Equip. & Tool 187.60 152.43 35, 17

c. Occupancy •
Proc. Space 150 (D) x Ratio 5 = 750 sq. ft.

Rent 750 x . 8 z 600. 00 600. 00 .
Light 750 x 3 225. 00 22. 50 202. 50
Heat 750 x 1 75.00 56.25 18.75

Subtotal - a,h, and c $11,428.00

d. Miscellaneous =
106 x Subtotal 11,428 z 1,142.80 1,142.80

Total - a,b,c, and d 12,570.80 3,933.30 8,637.50

GRAND TOTALS $47,038.80 $3,933.30 $43,105.50

Notes:
(A) Equipment for 5 stations = $938
(B) 34 x 40 = 1, 360 hrly. prod. x 4, 00l 440,000
(C) 5. 3 8560 x 4,000 = 21,,54Z
(D) 5 stations x 30 sq. ft. - 150 sq. ft.

Cost per piece a $47,038. 80 z .00866
A-A440,000
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Appendix B

Schedule B-lIc
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Appendix B
Schedule B-1l-a

PROJECT TINKERTOY - Manufacturing Cost Data

P;ecesses Capacitor Body ,o Wafe-" Assembly Mach. No. MG-6

Equipmcnt 3 C pacitor Assemblers (A)

Based on 2 sh-ifts, 3,923 ht s., hourly prod. 702 and annual prod. 2,754.000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 4, 000 x Rate 9. 60 (B) $38,400 xx $38,400

3. Manufacturing Overhead
a. Ind. Lab. L 30%76 of Dir. $38,000 : 11,520 $ 3,456 8,064

b. Mach. , Equip. & Tool 33, 237 17,467 15,770

c. Occupancy =
Proc. Space 264 1. Ratio 6 1,584 sq. ft.

Rent 1584 x 1.00 1,584 1,584 ---
Light 1584 x .30 - 475 48 427
Heat 1T584 x . 10 - 158 120 38

Subtotal - a,b, and c $46,974 $22,675 $24,299

d. Miscellaneous
10% x Subtotal 46,074 * 4,697 2,268 2,429

Total - a,b,c, and d 51,671 24,943 26,728

GRAND TOTALS $90,071 $24,943 $65, 128

Notes:
(A) 3 Assemblers @ $27, 000 = $82, 500
(B) 6 Serni-skilled @P $1, 60 : $9.60

Cost per piece - $90,071 * .0327
2.754,00 0
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Appendix B

Schedule B-1Z b

P ROJEC'Y TINIKE RTOY - ManufacturinR Cou Data

Processes Assem. Capacitor Body to Wafer, No. HC-6, 6a, 6b, 6c
Assam. Leads, Subassetn. Cap., and
Apply P!rotective Coatiu;i Iland

Based on 2 shifts, 4,000 hours and annual production 2 880,000 wafers

Total Fixed Variable

HC-6 $50,136.08 $ 4, 275. 72 $45, 860. 36

HC-6a 86,203.49 7,126.95 79,076.54

HC-6b 17,060.54 1,454.98 15,605.56

HC-6c 82,801.72 6,875.95 75,925.77

GRAND TOTALS $236,201.83 $19,733.60 $216,468.23

Notes: Cost per piece: $236,201.83 - .ORZ
2, 880, 000 wafers
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Appendix B
Schedule B-L2c

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Capacitor Body to Waler Assembly Hand No. HC-6

E pipinm,+,, (A)

Based on 2 shifts, 4,000 lira., hourly prod. (B) 760 and annual prod. (B) 3,040,000

Annual Csts

Total Fixed VaiAiable

1. Material xx

2. Direct Labor= (C)22,897 x Rate 1.6: $36,636.16 xx $36,636.16

3. Manufacturing Overhead
a. 1nd. Lab. : 30% of Dir. 36,636.16 : 10,990.85 $3,297.26 7,693.59

b. Mach., Equip. & Tool 201.80 163.96 37.84

c. Occupancy =
Proc. Space(D) 180 x Ratio 5 : 900 sq.ft.

Rent 900 x .8 7 720.00 720.00 ---

Light 900 x .3 270.00 27.00 243. 00

Heat 900 x .1 90.00 67.50 22.50

Subtotal - a, b, and c 12, 272. 65

d. Miscellaneous =
10%xSubtotal 12,272.65 : 1,227.27 1,227.27

Total -a, b, c, and d 13,499. 7&

GRAND TOTALS $50,136.08 $4,275.772 $45,860.36

Note s:
(A) Solder pots, cleaning and rinairg pots, tweezers, bench and

stool; cost for 6 stations : $1, 008. 70
(B) 4 (. 02 & . 01) cap's x 40 : 160 pci/hr x 4,000 = 640,000

8 (two .01) - x40 :320 " x4,000 : 1,280,000
7uie .01) " x40 280 x4,000 = 1,120,000

S3, 040, 000 annual prod.

(C) Z. 1lZ(men/hr to make 40 rnod/hr)x 4,000 lira 8,448.00 dir. lab. hra.
2.288( " )x4,000 :9,152. 00 "

1. 3244( x) 4,000 : 5,297.60o

(D) Based on 30 sq. ft. x 6 stations : 1:30 sq. ft 22,8T7.o

Cost per piece : $50, 136.08 = .0165 96
3.040.000



Appendix B
Schedule B-12d

PROJECT TINKERTOY -- M4anufacturing Cost Data

Processes Assemble Capacitor LHads Hand No. HC-6a

Equipment (A)

Based on 2 shifts, 4,000 lirs,, hrly. prod. (B) 880 and annual prod. (B) 3,520,000

Annual Cost
Total Fixed Variable

1. Material xx

2. Direct Labor = hrs. (C) 39, 529. 6 x Rate 1. 6 $63, 247. 36 xx $63,247.36

3. Manufacturing Overhead
a. Ind. Lab. =-3011 of Dir. 63, 247.36= 18,974.21 $5,692.26 13,281.95

b. Mach. , Equip. & Tool 95.00 77.19 17.81

c. Occupancy =
Proc. Space (D) 300 x Ratio 5 = 1,500 sq. ft.

Rent 1500 x. 8 1,200.00 1,200.00
Light 1500 x. 3 450. 00 45.00 405.00
Heat 1500 x . i 150. 00 112.50 3 7.9;

Subtotal - a,b, and c $20,869.21

d. Miscellaneous -"
1 % x Subtotal 20,869.21 2,086.92 _2,086.92

Total - a,b,c, and d 22,956. 13

GRAND TOTALS $86,203.449 $7, 126. 95 $79, 076, 54

Notes:
(A) Hand soldering iron, bench, stool; cost for 10 stations = $474. 93
(B) 1 0 ops one side x 40 ops/hr = 400 x 4,000 hrs * i,600,000

12 ops two sides x 40 " = 480 x 4,000 hrs 1,920,000
880 3,520,000 pcs annualprod

(C) 3. 124 (men/hr to make 40 mod/hr) x 4,000 = 12,496. 00 dir lab hrs(1 side)
6. 7584 ( " ) x 4,000 = 27, 033.60 (2 sides)

39,529. 60 "

(D) Based on 30 sq. ft. x 10 stations - 300 sq. ft.

Cost per piece = $86,203.49 . 0245

3,520,000
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Appendix B

Schedule B-I2e

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Subassemble Capacitors Hand No. HC-6b

Equipwene (A)

Based on 2 shifts, 4. 000 hrs., hour'y prod. 200 and annual prod. 800, 000 (B)

Annual Costs

Tuodl Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 7,792 (C) xRate 1.6 = $12,467.20 xx $12,467. Z0

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 12,467.20 3,740.16 $1, 1Z2.05 2,618.11

b. Mach., Equip. , & Tool 75. 60 61.43 14. 17

c. Occupancy =
Proc. Space 60 (D) x Ratio 5 = 500 sq. ft.

Rent x,- 240.00 240.00
Light 3007".' - q0.00 9.00 81. 00
Heat 300 x. 1 30.00 22.50 7.50

Subtotal - a,b, and c $ 4,175.76

d. Miscellaneous -
10% x Subtotal 4, 175. 76 - 417.58 417. 58

Total - a,b,c, and d 4,593.34

GRAND TOTALS $17, 060. 54 $1,454. 98 $15, 605. 56

Notes:
(A) Solder pot, cleaning & rinsing pot, overhead exhaust, bench, stool

(cost for 2 stations - $378)
(B) 5 x 40 200 hrly. prod. , 200 x 4,000 800, 000 annual prod.
(C) 1. 9480 x 4,000 = 7,792 dir. lab. hrs.
(D) 2 stations x 30 sq. ft. = 60 sq. ft.

Cost per piece . $17, 060. 54 0213
800,000 pcs
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Appendix B
Schedule B-12f

PROJECT TINKERTOY -- Manufacturing Cost Data
Processe Apply_ Protective Coating land No. HC-6c

Equipment (A)

Based on 2 shifts, 4,000 hrs., hrly. prod. (1) Yil0 and annual prod. (B) 2,880, 000

Annual Cost

Total Fixed Variable

1. Material xx

2. Dir. Lab. - hrs.(C)37, 945.6 x Rate 1.6 $60,712.96 xx $60,712.96

3. Manufacturing Overhead
a. Ind. Lab. : 30% of Dir. 60,712.96-: 18,213.89 $5,464. 17 12,749.72

b. Mach., Equip. & Tool 66.80 54.28 12.52

c. Occupancy =
Proc. Space (D) 300 x Ratio 5 :1, 500 sq. ft.

Rent 1, 500 x .8 1,200.00 1,200.00
Light 1,500 x .3 - 450.00 45.00 405.00
Heat 1,s500 . :- 150.00 112.50 37.50

Subtotal - a, b, and c 20,080.69

d. Mvscellaneoua =
IU% x Subtotal 20,080.69: 2,008.07 2,008.07

Total - a, b, c, and d 22,088.76

GRAND TOTALS $82,801.72 $6,875.95 $75,925.77

Note s:
(20) TJnclh, stool, artists brushes, hysol conta-inero- c-.a t 1frl0 sta.: $354.40
{E) 8 ,ps on one vide x 40 = 320 pcslhr x 4, 000 = 1, 280,000

10 ops on two sides x 40 : 400 pce/hr x 4,000 = 1, 600,000
720 pca/hr 2,880,000

(C) 2. 7104 (men/hr to make 40 mod/hr) x 4,000 hr-. 1- 0,841.6 Dir. Lab. Hrs.
6. 776 ( " ) x 4,000 hrs. . 27,104.0

37,945.6
(D) Based on 30 sq. ft/eta , x 10 stations = 300 sq. ft.

Cost per piece - $82,801 72 = .0288
2,880, 0600
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Appendix B

Schedule B-12q
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Appendix B
Schedule B-13a

PROJECT"_-T]NKERTOY -- Manufacturing Cost Dala

Processes Capacitor Wafer Assembly Notch Solder Filling Mach. No. MC-7

Equipment 2-Notch Tinuers (A)

Based on 2 shifts, 3,375 hra., hourly prod. 816 and annual prod. 2,754,000

Annual Costs

Total Fiixcd Variable

1. Material xx

2. Direct Labor
Mrs. 4,000 xRate 2.40 (L) $9,600 xx $9,600

3. Manufacturing Overhead
a. Ind. Lab. : 30% of Dir. 9,600: 2,880 $ 864 2,016

b. Mach., Equip. & Tool 4,767 2,435 2, 332

c. Occupancy =
Proc. Space 60 x Ratio 6 360 sq. ft.

Rent 360 x 1.00 360 360 ---
Light 360 x .30 -- 108 11 97
Heat 360 x .10 - 36 27 9

Subtotal - a, b, and c 8,151 3,697 4,454

d. Miscellaneous =
101 x Subtotal 8, 151 815 370 445

Total - a, b, c, and d 8,966 It, 067 4,899

GRAND TOTALS $18,566 $4,067 $14,499

Notes: (A) 2 Notch Tinners @ $5, 700 : $11, 500.
(B) 2 Unskilled ! $1. 20 - $2.40

CGiý per piece -: $1n, 566 - . 00674

2,754,000
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Appendix 1B

Schedule B 1

PROJECT TINKERTOY -- MarufactUr-ng Cost Da t a

Process Cdnacif.or Wafer Assembly Noich Solder Filling Hand No. HC-7

Equipment Benches, stools, soldering irons, and fixtures (A)

Based on 2 shifts, 4000 hrs., hoiir]y prod. 720 and annual prod. 2,880,000 (B)

Annual Costs

Total Fixed Variable

1. Material xx

Z. Direct Labor
Hrs. 25, 344. 00 (C) x Rate 1.6 : $40, 550.40 xx $40,550.40

3. Manufacturing Overhead
a. lnd. Lab. : 30% of Dir. 40,550.40: 12, 165. 12 $3,649. 54 8, 515.:"8

b. Mach., Equip. & Tool 63.00 51. 19 11.81

c. Occupancy -

Proc. Space 180(D) x Ratio 5 : 900 sq. ft.
Rent 900 x .8 720.00 720. 00
Light 900 x .3 270.00 27.00 243.00
Heat 900 x . 1 90.00 67. 50 22. 50

Subtotal - a, b, and c 13, 308. 1Z

d. Miscellaneous
10%x Subtotal 13,308. 12: 1, 330.81 1, 330.81

To.al - a, b, c, and d 14,638.93

GRAND TOTALS $55, 189. 33 $4, 515. 23 $50, 674. 10

Notes:
Cost per piece : $55, 189. 33 .019?

2, 880,000
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Appendix B
Schedule B-13c
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Appendix B

Schedule B-14a

PROJECT TINKERTOY -- Manuiactueing Cost Data

Processes Capacitor Wafer Assembly Inspection Mach. No. MC-8

Equipment 2 Capacitor Asseit-ibly Temters (A)

Based on 2 shifts, 2,822 hrs., hourly prod. 976 and annual prod. 2,754,000

Annual Coats

Total Fixed Variable

1. Material XX

2. Direct Labor
I-rs. 3,440 x Rate 4.80 (B) $16, 512 XX $16, 512

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 16,512: 4,954 $1,486 3,468

b. Mach., Equip. & Tool 9,627 5,081 4,546

c. Occupancy
Proc. Space 92 x Ratio 6 552 sq. ft.

Rent 552 x 1.00 552 552 ---
Light 552 x .30 " 166 17 149
Heat 552 x .10 - 55 42 13

Subtotal - a, b, and c $15,354 $7, 178 $ 8, 176

d. Miscellaneous =
10% x Subtotal 15, 354 1,535 718 817

Total - a, b, c, and d 16,889 7,896 8,993

GRAND TOTALS $33,401 $7,896 $25,505

Notes: (A) 2 Testers @ $12,000 : $24,000
(B) 2 Highly Skilled @ $2.40 $4. 80

Cost per piece = $3i, 401 : .0121
2, 754,000
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Appendix F;

Schedule Ti j4b

R¢OJECT TINKFRTOY -- Manufacluring Cost Data

Prrncesses Capacitor Wafer" Assembly Inspection Haf-d No. HC-8

L:.,ipment Beaf les.. stools & electrical testers (A)
wafers

B~a.sed on 2 shix-s, 4,000 hrs. , hourly prod. 1, 360 ops. and aninual prod. 2,880.000

Annual Cost

Total Fixed Variable

I. Material xx

2. Direct Labor
Hrs. 15, 558.4 (B) x Rate 1.6 $24,893.44 xx $24,893.44

3. Manulacturing Overhead
a. Ind. Lab. = 30% of Dir. 24, 893. 44 x 7,668.03 $2,300.41 5,367, ,2

U, Mach. , Equip. & Tool 432.00 351.00 8-1,00

c. Occupancy
Proc. Space 120 (C) x Ratio 5 = 600 sq. ft.

Heat 6"O-x.8 -.-- 480.00 480.00 ....

Light 600 -x73- 180.00 18.00 162. 00
Heat 600 x .J, - 60.00 45. 00 15. 00

Subtotal a.b, and c $ 8. 820. 03

e. Miscellaneous
10% x Subtotal 8,820.03 * 882.00 882.00

Total - a,b~c, and d 9,702.03

GRAND TOTALS $34,595.47 $3, 194.41 $31,401.06

Notes.
(A) Cost for 4 stations = $2, 160
(B) 3. 88960 x 4,000 = 15. 558, 40 Dir. Lab. -irs,
(C) 4 stations x 30 sq. ft. - 120

Cost per wafer = $34,595.47 = .0120
2 886, 0
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Appendix B

Schedule B-14c
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Appendix B
Schedule B-i15a

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Tube Socket Wafer Pattern Tinning Mach. No. MTS-l

Equipment (A)

Based on 2 shifts. 4,000 hrs., hourly prod. 1,296 and annual prod. 1,794,000 (B)

Annual Costs

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 4,000 x Rate 4. 80 $19,200.00 xx $19, 200. 00

3. Manufacturing Overhead
a. Ind. ab.: 30% of Dir. 19,200 5,760.00 $1,728.00 4,032.00

b. Mach., Equip. & Tool 3,732.00 3,420.00 312.00

c. Occupancy
Proc. Space 66 x Ratio 6 396 ft.

Rent 39r-x 1. 00 - 396.00 396.00
Light 396 x .30 - 119.00 12.00 107.00
Heat 396 x .10 - 40.00 30.00 10.00

Subtotal - a, b, and c $10,047.00 $5,586.00 $ 4.461.00

d. Miscellaneous
10%x Subtotal 10,047. 00: 1,005.00 559.00 446.00

Total - a, b, c, and d i1,052.00 6,145.00 4,907.00

GRAND TOTALS $30,252.00 $6,145.00 $24,107.00

Notes: (A) Operation accomplished on pattern tinner used also for capacitor
wafers (see C-i).

(B) Annual production of wafers as follows:
Capacitor wafers : 3,390,000
Tube so':ket wafers : 1,794,000

5,184,000
Cost per piece - $30, 252 * .00584

5,184,000

An individual comparative cost-volume chart has not been prepared for MTS-1 and

HTS-l because of the combination of capacitor and tube socket wafer processing in
the machine process manufacture A combined chart has been prepared as Schedule
8c for MC-l and MTS-l vs. HC-1 and HTS-1.
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Appendix B

Schedule B- 15b

PROJECT TINKERTOY k. .anufad wring Cos. D.,

Precess Tube Socket Wafer Pattern Tinning Hand No. HTS-1

Equipment (A)

Based on Z shifts, 4,000 hr.., hourly prod. 720 and annual prod. 1,440,000 (B)

Annual Costs

Total Fixed Variable

1. Material xx

2. Direct Labor =
Hrs. 8,481.60 (C) xRate 1.6 : $13,570.56 xx $13,570.56

3. Manufacturing Overhead
a. Ind. Lab.: 30% of Dir. 13,570.56: 4,071.17 $1,221.35 2,849.82

b. Mach., Equip. & Tool 75.00 60.94 14.06

c. Occupancy =
Proc. Space 60(D) x Ratio 5x300us.it.

Rent 300 x .8 240.00 240.00
Light 300 x .3 90.00 9.00 81.00
Heat 300 x .1 30.00 22.50 7.50

Subtotal - a, b, and c 4.506.1?

d. Miscellaneous a
10% x Subtotal 4, 506. 17 450.62 450.62

Total - a, b, c, and d 4, 956. 79

GRAND TOTALS $18,527.35 $1, 553. 79 $16,973. 56

Note.: (A) Same am HC-I but 2 statias, "ost : $375.
(B) 9 ops. x 40 360 x 4000 - 1,440,000 annual production
(C) 2. 12040 x 4000 : 8,481.60 Direct Labor Hrs.
(D) 2 stations x 30 sq. it. z 60

Cost per piece = $18, 527. 35 _ .0129
1,440,000
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Appendix B
Schedule B-16a

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Tube Socket Parts to Wafer Assembly Mach. No. MTS-2

Equipment 3-Tube Socket Ansemblers (A)

Based on 2 shifts, 3,115 hrs., hourly prod. 468 and annual prod. 1,458,000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor 2

Hrs. 3,720 xRate 7.20 (B) : $26,784 xx $26,784

3. Manufacturing Overhead
a. Ind. Lab. :30% of Dir. 26,784: 8,035 $ 2,411 5,624

b. Mach., Equip. & Tool 38,475 20,325 18, 150

c. Occupancy
Proc. Space 180 xRatio 6 1,080 sq. ft.

Rent 10-8 x 1. 00 - 1,080 1,080 ...

Light 1080 x TO-- 324 32 292
Heat 1080 X 10 108 81 27

Subtotal -a,b, and c $48,022 $23,929 $24,093

d. Miscellaneous a
10% x Subtotal 48,022 4,802 2.393 2,409

Total -a,b,c, and d 52,824 26,322 26,502

GRAND TOTALS $79,608 $26, 322 $53,286

Note s:
(A) 3-Tube Socket Assemblers @ $32, 000 : $96,000
(B) 2-Skilled @ $2. 00 a $4. 00

2-Semi-skilled @ $1. 60 = 3.20
$ T"

Cost per piece : $79, 608 .0546
1,458,000
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Appendix B
Schedule B- 16b

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Tube Socket Parts-to-Wafer Assembly Hand No. HTS-2

Equipxnertt Benches, stools, eyeletting mach. and spec. fixtures (A)

Based on 2 shifts, 4,000 hrs., hourly prod. 360 and annual prod. 1,.440,000 (B)

Annual Costs

T otal Fixed Variable

1. Material xx

2. Direct Labor
Hr5. 18,374.40 (C) x Rate 1.6: $29,399.04 xx $29.399.04

3. Manufacturing Overhead
a. Ind. Lab. : 30% of Dir. 29,399, 04: 8,819.71 $2,645.91 6,173.80

b. Mach., Equip. & Tool 270.60 219.86 50.74

c. Occupancy:
Proc. Space 150(D) x Ratio 5= 750 sq. ft.

R ent 750 x .8 -- (00.00 600.00 ---
Light 750 x ,3 2 225.00 22.50 202.50
Heat 750 x .1 75.00 56.25 18.75

Subtotal - a, b, and c 9,990.31

d. Miscellaneous
10% x Subtotal 9,990, 31: 999.03 999.03

Total - a, b, c, and d 10,989.34

GRAND TOTALS $40,388.38 $3, 544. 52 $36, 843. 86

Noteu: (A) Equipment for 5 stations : $1, 353.
(B) 9 ops x 40 = 360 per hr. x4,000 : 1,440,000 annual prod.
(C) 4.59360 x 4,000 : 18,374.40 Dir. Lab. Hrs.
(D) 5 stations x 30 = 150

Cost per piece : $40, 388. 38 . 028
1,440.000
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Appendix B
Sciedule B-16c
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Appendix B

Schedule B-17a

PROJECT TINKERTOY - Manufacturirg Cost Data

Processes Tube Socket Notch Solder Filling Mach. No. MTS-3

Equipment I Notch Tinner (A)

Based on 2 shifts, 3, 574 hru., hourly prod. 408 and annual prod. 1,458,000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor a

Hrs. 4,000 x Rate 1.20 $ 84,500 xx $4,800

3. Manufacturing Overhead

a. Ind. Lab. a 30% of Dir. 4,800 a 1,440 $ 432 1,008

b. Mach., Equip. & Tool 2,380 1,218 1,162

c. Occupancy a
Proc. Space 25 x Ratio 5 - 150 sq.ft.

Rent 150 x 1.00 150 150
Light 150 x .30 * 45 5 40
Heat 150 x .10 * 15 12 3

Subtotal - a, b, and c $4,030 $1,817 $2,213

d. Miscellaneous z
10% x Subtotal 4,030 403 182 221

Total - a,b,c, and d 4,433 1,999 2,434

GRAND TOTALS $9,233 $1,999 $7,234

Note a:

(A) 1 Notch Tinner @ $5, 750
(B) 1 Unskilled @ $1.20

Cost per piece. $9,233 .0063
1,458,000
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Appendix B

Schedule B-l7b

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Tube Socket Notch-to-Connector Soldering Hand No. HTS-3

Equipment Benches, stools, solder pots, tweezers, overhead hood (A)

Based on 2 shifts, 4,000 hrs.. hourly prod. 360 and annual prod. 1,440, 000 (B)

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor
Hrs. 24,710.40 (C) xRate 1. 6 - $39,536.64 xx $39,536.64

3. Manufacturing Overhead
a. Ind. Lab. a 30% of Dir, 39,536. o * 11,860.99 $3,558.30 8,302.69

b. Mach, , Equip. & Tool 279.20 226.85 52.35

c. Occupancy a
Proc. Space 180 xRatio 5 900 sq. ft.

Rent 900 x . 8 * 720.00 720.00 ----
Light 900 x-. 3 270.00 27. 00 243. 00
Heat 900 x. 1 * 90.00 67.50 22.50

Subtotal -a,b, and c $13,220.19

d. Miscellaneous =
10% xSubtotal 13,220.19: 1,322.02 1,322.02

GRAND TOTALS $54,078.85 $4, 599. 65 $49, 479. 20

Note s:
(A) Equipment for 6 stations - $1, 396
(B) 9 ops x 40 - 360 per hr. x 4,600
(C) 6. 17760 x 4,000 - 24,710.40 Dir. Lab. Hrs.
(D) 6 stations x 30 sq. ft. - 180

Cost per piece = $54,078. 85 - . 0375
1,440,000
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Appendix B

Schedule B-17l
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Appendix B

Schedule B-18a

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Elect. Inspection of Tube Sockets Hand No. HTS-4

Equipr..ent Benches, stools and meters (A)

Based on 2 shifts, 4,000 hrs., hourly prod. 360 and annual prod. 1, 440,000 (B)

Annual Cost

Total Fixedl Vriable

1. Material xx

2. Direct Labor *

Ers. 7, 545. 60 (C) x Rate 1. 6 $12, 072.96 X- $12,072. 96

3. Manufacturing Overhead
a. Ind. Lab. u 30% of Dir. 12,072.96 3,621.89 $1,086.57 2,535.32

b. Mach., Equip. & Toni 71.60 58. 18 13.42

c. Occupancy a
Proc. Space 60 (D) x Ratio 5 a 300 sq. ft.

Rent 300 x . 8 * 240.00 240.00 ..

Light 300 x.3 - 90.00 9.00 81.00
Heat 30 x.1 r - 30.00 22.50 7.50

Subtotal - a,b, and c $ 4,053.49

d. Misc#-Uaneous a
10% x Subtotal 4,053.49 a 405.35 405.35

Total - a,b,c, and d). 4,458.84

GRAND TOTALS $16,531.80 $1,416.25 $15,115.55

Notes:
(A) Equipment for 2 .tations @ $358.
(B) 9 opers x 40 a 360 x 4,000
(U) 1.88640 x 4,000 s 7,545.60 Dir. Lab. Hra.
(D) 2 stations x 30 s 60 sq. ft.

Cost per piece s $16,531.80 u .0115
1, 440, 000

This ope~ration is not performed in present machine proceis manu-
facture, and therefore the cost is not charged against the projected

hand process.
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Appendix D
Schedule B-19a

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Module Assembly Mach. No. MM 1

Equipment 5 Module Assemblers (A)

Based on 2 shifts, 3,471 hrs. , hourly prod. 420 and annual prod. 1,458,000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor =

Hrs. 4,000 x Rate 16.00 (B) $ 64,000 NM $ 64,000

3. Manufacturing Overhead
a. Indirect Labor = 30% of Dir. 64,000 : 19, 197 $ 5,757 13,440

b. Mach. , Equip. & Tool 6z, 924 33,342 29,582

c. Occupancy =
Proc. Space 590 x Ratio 6 - 3, 540 sq. ft.

Rent 3540 x 1. 00 w 3,540 3,540 ---
Light 3540 x .30 - 1,061 104 957

HeaL 3540 x . 10 - 356 260 96

Subtotal -a,b, and c $ 87,078 $43,003 $ 44,075

d. Miscellaneous =
1076 x Subtotal 87,078 8,708 4,300 4,408

Total - a,b,c, and d 95,786 47,303 48,483

GRAND TOTALS $159,786 $47,303 $112,483

No t -s

(A) 5 Module Assemblers @ $31,500: $157,500

(B) 10 Semi-skilled @ 1. 60 $16.00

Cost per piece $159, 786 - . 1096
1,458,000
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Appendix B

Schedule B-19b

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Module Assembly Hand No. HM-1

Equipment Benches, stools and assembly fixtures

Based on 2 shifts, 4,000 hrs,, hourly prod. 400 and annual prod. 1,600,000 (B)

Annual Cost

Total Fixe d Variable

1. Material x

2. Direct Labor =

Hrs. 67,760.0 xRate 1.6 = $108,416a00 xx $108,416.00

3. Manufacturing Overhead
Ind. Lab. of% ofDir. 108, 416. 00 32, 524. 80 $ 9, 757.44 22, 767. 36

b. Mach., Equip. & Tool 5,Z73. 10 3,295.69 1,977.41

c. Occupancy
Proc. Space 510 (D) xRatio 5 - 2,550 sq. ft.

Rent 2550 x . 8 - 2,040. 00 2,040. 00 ---

Light 2550 x .3 765. 00 76.50 688.50
Heat 2550 x .1 - 255.00 191.25 63.75

Subtotal - a,b, and c $ 40, 857. 90

d. Miscellaneous
10% x Subtotal 40, 857. 90 z 4,085. 79 4,085.79

Total - a, b, c, and d 44,943. 69

GRAND TOTALS $153,359.69 $15,360.88 $137,998.81

Notes:
(A) Cost for 17 stations * $17, 577

(B) 10 opers x 40 a 400 x 4,000 - 1, 600,000 annual prod.
(C) 16. 940 x 4,000 r 67,760
(D) 17 stations x 30 sq. ft. = 510

Cost per piece $153,359.69: .0958

1,600,000
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Appendix B

Schtdule B-19c

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Inspect. & Resoldering of Module Assembly Hand No. HM-la

Equipment Benches, stools & soldering irons (A)

Based on 2 shifts, 4,000 hrs. , hourly prod. 400 and annual prod. 1,600,000

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor =

Hrs. 27,984.00 (B) x Rate 1. 6 - $44,744.40 xx $44,744.40

3. Manufacturing Overhead
a. Ind. Lab. r 30% of Dir. 44,744.40 a 13,432.32 $4,029.70 9,402.62

b. Mach. , Equip. & Tool 74.60 60.61 13.99

c. Occupancy
Proc. Space 210 (C) xRatio 5 = 1,050 sq. ft.

Rent 1050 x .8 = 340.00 840.00 ---
Light 1050 x .3 - 315.00 31.50 283.50
Heat 1050 x . 1 105.00 78.75 26.25

Subtotal -a,b, and c $14,766.92

d. Miscellaneous
10% x Subtotal 14,766.92 1,476.69 1,476.69

Total - a, b, c, and d 16,243.61

GRAND TOTALS $60,988.01 $5,040.56 $55,947.45

Note s:
(A) Coat of equipment for 7 stations - $373
(B) 6. 996 x 4,000 - 27, 984
(C) 7 stations - 10 sq. ft. - Z10 sq. ft.

Cost per piece $60,988.01 .0381
1,600,000

This is essentially a salvaging operation which is not being performed
in the present machine process manufacture and therefore is not being
charged againet the projected hand process manufacture.
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Appendix B

Schedule B-19d

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Straighten Module Wire-ends Hand No. HM-lb

Equipment Benches, stools & straightening jigs (A)

Based on 2 shifts, 4,000 tirs., hourly prod. 400 and annual prod. 1,600, 000 (B)

Annual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor -
Hrs. 14,080.00 (C) xfRate 1.6 : $22,528.00 xx $22,528.00

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 22, 528. 00 6,758.40 $2, 027. 52 4,730.88

b. Mach. , Equip. & Tool 40.00 32.50 7.50

c. Occupancy a
Proc. Space 120 (D) x Ratio 5 * 600 sq. ft.

Rent 600 . 8 = - 480.00 480.00 ---

Light 600 x . 3 180.00 18.00 162.00

Heat 600 x. 1 - 60.00 15.00 45.00

Subtotal - a,b, and c $ 7,518.40

d. Miscellaneous =
10% x Subtotal 7,518.40 751.84 751.84

Total - a,b,c, and d 8,270.24

GRAND TOTALS $30,798.24 $2,573.02 $28,225. 22

Notes:
(A) Cost of equipment for 4 stations w $200
(B) 10 ops x40 w-400 x4,000 a 1,600,000 annual prod.

(C) 3.52 x 4,000 - 14,080
(D) 4 stations x 30 sq. ft. = 170

Cost per piece = $30, 798. 24 z 0192
,m600,000

This operation is not being performed in the present machine process
manufacture, and therefore is not being charged against the projected

hand process manufacture.
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Appendix B
Schedule B-19e
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Appendix B
Schedule B -Z0a

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Module Riser Wire Clipping Mach. No. MM-2

Equipment 2 Segment Clippers (A)

Based on 2 shifts, 3,797 hrs., hourlyprnd. 384 and annual prod. 1,458,000

Annual Cost

T otal Fixed Variable

I. Material xx

2. Direct Labor .

Hrs. 4,000 xRate 3,20 (B) = $12,800 xx $12,800

3. Manufacturing Overhead
a. Ind. Lab. z 30% of Dir. 12, 800 3,840 $1,152 2,688

b. Mach., Equip. & Tool 11,600 6,140 5,460

c. Occupancy z
Proc. Space 122 x Ratio 6 = 732 sq. ft

Rent 732 x 1.00 732 732
Light 73Z x .30 220 22 198
Heat 732 x .10 f 73 54 19

Subtotal - a,b, and c $16,465 $8,100 $ 8,365

d. Miscellaneous.
10% : Subtotal 16,465 1,647 810 837

Total - a,b,c, and d 18,112 8,910 9.202

GRAND TOTALS $30,912 $8,910 $22,002

Notes:

(A) Two gcgmcnt clippcrs @ $i4, 500 . $;2 2000
(B) 2 Semni-skilied @ $1,60 , $3.20

Cost per piece = ,.$30,912 .0212
1, 458,000
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"Appendix B
Schedule B-20b

PROJECT TIN)CERTOY -- Manufacturing Cost Data

Processes Module Riser Wire Clipping Hand No. HM-2,

Equipment Bench, stools, special cutters (A)

Based an 2 shifts, 4,000 hrs., hourly prod. 400 and annual prod. 1,600,000 (B)

Aruual Cost

Total Fixed Variable

1. Material xx

2. Direct Labor .

Hrs. Z7, 456 (C) x Rate 1.6 u $43,9Z9.60 xX $43,929.60

3. Manufacturing Overhead
a. Ind. Lab. a 30%of Dir. 43,929.60 a 13,178.88 $3,953.66 9,225.22

b. Mach., Equip. & Tool 101.60 82.55 19.05

c. Occupancy =
Proc. Space 210 (D)x Ratio 5 : 1,050 sg. ft

Rent 1050 x.8 840.00 840.00 ["-

Light 1 050 x . 3- 315.00 31.50 283.50
Heat 1050 x . 1 U 105.00 78.75 26.25

Subtotal - a, b, and c $14,540.48

d. Miscellaneous
10% x Subtotal 14,540.48 1, 454.05 1,454.05

Total - a,b,c, and d 15,994.53

GRAND TOTALS $59,924.13 $4,986.46 $54,937.67

Note 5:

(A) Equipment for 7 stations . $894
(B) 10 opera - 40 = 400 x 4,000 - 1, 60,0 Ou
(C) 6. 864 x 4, 000 w 27, 456 Dir. Lab. Hrs.
(D) 7 stations x 30 sq. ft. a 310 sq. ft.

Cost per piece c $59,924.13 .0375
1,600,000
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Appendix B
Schedule B-20c
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Appendix B
Schedule B-21a

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Module Testing Mach. No. MM-3

Equipment 2 Module Testers (A)

Based on 2 shifts, 4000 hrs. , hourly prod. 654 and annual prod. 1,458, 000

Annual Costa

Item Totel Fixed Variable

1. Material XX

2. Direct Labor
Hrs. 2840 x Rate 3.20 (B) * $9,088 xx $9,088

3. Manufacturing Overhead
a. Ind. Lab. . 30% of Dir. 9,0883 2,726.40 $ 817.92 1,908.48

b. Mach., Equip. & Tool 6,413.00 3,388.00 3,:025.00

c. Occupancy a
Proc. Space 20 xRatio 6 = 120 sq. ft.

Rent IJU x 1.00 - 120.00 120.00
Light 120 x .30 r 36.00 4.00 32.00
Heat 120 x .10 12.00 9.00 3.00

i
Subtotal - a, b, and c 9,307.40

d. Miscellaneous
10% x Subtotal 9,307.40 930.74 930.74

Total - a,b, c, and d 10,238.14

GRAND TOTALS $19, 326. 14 $4, 338.92 $14, 987.22

Notes:

(A) 2 Module Testers @ 8,000 . $16, 000
(B) 2 Semni-skill- d @ $1. 60 = $3.20

Coot per piece z $19, 326.14 .01325
1,458,000
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Appendix B

Schedule B -21b

PROJECT TINKERTOY -- Manufacturing Cost Data

Process Module Testing Hand No. HM-3

Equipment Bench, Stools & Module Testers (A)

Based on 2 shiftD, 4000 hr.., hourly prod. 400 and annual prod. 1, 600,000 (B)

Armual Costs

Total Fixed Variable

1. Material x

2. Direct Labor Z

Hrs. 4,400(C)x Rate 1.6: $7,040.00 xx $ 7,040.00

3. Manufacturing Overhead
a. Ind. Lab. = 30% of Dir. 7,040, 00: Z,112.00 $ 633.60 1,478.40

b. Mach., Equip. & Tool 4,633.75 3,244. 62 1,390.13

c. Occupancy
Proc. Space _0(D) x Ratio 5: 300 sq.ft.

Rent 300 x .80 - 240.00 240.00
Light 300 x .30 : 90.00 9.00 81.00
Heat 300 x .10 ' 30.00 22.50 7.50

Subtotal - a, b, and c 7,105.75

d. Miscellaneous
10% x Subtotal 7.105. 75 710.58 710.58

Total - a. b, c, and d 7,816.33

GRAND TOTALS $14,856.33 $4, 148.72 $10,707.61

Notes: (A) Equipment for 2 stations . $18, 535
(3) 10operations/mod. x 40 mod./hr. - 400 hrly. x 4000 hrs./yr.

1, 600, 000 annual production
(C) 1. 10 x 4000 = 4400 Direct Labor Hre.
(D) 2 stationo f 30 : 60 sq. ft.

Cost per piece $14, 856. 28 * .00928
1, 600,000 pcs.
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Appendix B

Schedule B-21 c
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Appendix B
Schedule B-ZZa

PROJECT TINKERTOY -- Manufacturing Cost Data

Processes Machine process manufacturing of IF Amplifier Modules

Equipment * See schedule sheets for machine process steps

Based on 2 shifts, 4,000 hrs., and annual production 1,620,000

Total Fixed Variable

** Standard Machine
Processing Costs $785,771 $209,021 $576,750

Special Hand Operations
on Modules #1 and #9 19,563 1,843 17,720

GRAND TOTALS $805,334 $210,864 $594,470

*For cost of equipment see Erhibit 7.

** Total machine processing costs for 1, 620, 000 modules annually for
IF Amplifiers as shown on pertinent schedule sheets in Appendix B.
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Appendix B
Schedule B-ZZb

PROJECT TINKIERTOY -- Manufacturjn Cost Data

Processes Hand process manufacturing of IF Amplifier Modules

Equipment * See schedule sheets for pertinent hand process steps

Based on Z shifts, 4,000 hrs., and annual production 1, 600, 000

Total Fixed Variable

** Standard Hand Processing Costs $1, 17Z, 959 $107,652 $1,065,307

Special Hand Operations on
Modules #1 and #9 19,563 1,843 17, 7Z0

GRAND TOTALS $1, 19Z, 522 $109,495 $1,083,027

* For cost of equipment see Exhibit 8.

* Total hand processing costs for 1, 600,000 modules annually for
IF Amplifiers as shown on pertinent schedule sheets in Appendix BI.
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Appeodix e
Schedule B 22c

MACHINE VS. HAND PROCESSING COSTS
FOR IF AMPLIFIER MODULES
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APPENDIX C

IF Amplifier Module Cost Data

Schedule Description

C-i IF Amplifier Machine Process
Module Cost Data

C-Z IF Amplifier Hand Process
Module Cost Data
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APPENDIX D

IF Amplifier Assembly & Test Cost Data

Schedule Description

Dl-i IF Amplifier Assembly & Test
Cost Data Sheet

D-2 IF Amplifier Assembly & Test
Production Rates
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Appendix D
Schedule D-1

IF AMPLIFIER ASSEMBLY & TEST COST DATA

PROJECT TINKERTOY -- Manufacturing Cost Data

Process IF Amplifier Assembly & Test Hand

Equipment Benches, stools, fixture h testing equipment (A)

Based on 2 shifts, 4000 hrs., hrly. prod. 40 and annual prod. 160,000

Annual Cost

Total fixed Variable

1. Material xx

2. Direct Labor =

HrN. 61,600 (B) xRate 1.6 - $98,560.00 xx $ 98,560.00

3. Manufacturing Overhead
a. lad. Lab. = 30% of Dir. 98,560. 00 z 29,568.00 $ 8, 870. 00 20, 698. 00

b. Mach., Equip. & Tool 312. 5U 218.75 93.75

c. Occupancy
Proc. Space 480 (G) xRatio 5 2,400 sq. ft.

Rent Z400 x ., 7 1,920.00 1,920.00 on- -

L;ght 2400 x . 13 720.00 7?. O0 648. 00
Heat 2400 x .1 Z40. 00 Z60 D0 180.00

Subtotal - a,b, and c $32, 760. 50

d. Miscellaneous
10% x Subtotal 3Z.760.50 3,276.05 3,276.05

Total - a.b,c, and d 36,036.55

GRAND TOTALS $134,596.95 $11,140.7; $123.45. Ho

Notc. s:

(A) Cost for t1. stations : $1, 250

(B) .385 x 4,0 15.4 x 4000 61,600 dir. ]ab. hr . (seeO- Schrdule D-2)

(C) 16 stations x 30 sq. ft. = 480 sq. ft.

Cost per pi-ce $134,596.55 - .84
T60,006-,
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Appendix D
Schedule D-Z

PROJECT TINKERTOY -- Manufacturing Cost Data

IF AMPLIFIER

Final Assembly and Tebi Production Raies

E stimated

Production RateOp.
No. Opu'atioDeuscriptiuxi hirs/pc pca/hr

Bottom Plate As semnbly

FA-1 Insert 10 IF Modules .0Z578 39

FA-Z Insert 8 decoupling shields .00997. 101

Top Plate Assembly

VA--i Assemble temale corunector to top plate with
eyele.tn in elelet machine; 3older. 01289 78

FA-4 Assemble 9 tube shield clips to top plate with
eyeclet in eyelet _mnachine and solder each clip. .0Z5i Z4

FA-- 5 Auseii'ble tuning coil and 8 inner stage shields

to top plate and assemble top plate subassembly

to botton plate .04zr3 Z4

P A Aolder H ilulneri nt-18 t' shiield to top awd bottom

plate j 07 9

1 -\ -/ SOlf, r 7 -ill wrdile riner wir,-tn at, I titi, ng coil

I oTiP,- t1,11,4 It , *91, hi" l thxtiire. .- 011H i)9

E .' 8 H A n.iil,'t,- 9 tni.'h' , 9) tith, nh|lvIJ| tr.tnsforuci.r

sh .id ,,i , o..x•f t ,I•lie; noiler. .08656 12

TVest

I ..% A 9'T et: Pand pan sr and gain .0 12L it

137,



ll mod S vices T cnical Inforn" 1:d Ai.... . n r,
Blcausc of our limited sutpply, you :,re req,.PstAd to return this cc'i I' V`" iI I '. q•• C.) D

I'tIJR PURPOSE so that it may be made available to other reques w.,:,, ý tur::lion

will be appreciated. ,
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